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Temperature changes that solid rocket mo-
tors experience while residing in various locations
with different climates cause thermal stresses in the
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cause damage to the rocket propellant, which may re-
sult in cracks.

(ki~- This report describes a probabilistic en-
vironmental model for solid rocket motors. Movement
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using a Markov chain technique. A cumulative damage
model is used to compile the damage resulting in each
rocket location. The rocket external temperature is
assumed to be a random variable and expressed in a
probabilistic form for each Markov state. As an ex-
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Propellant failure is predicted when the cumulative
damage exceeds a critical value.
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SUMMARY

In this report, a methodology for estimating the time to failure of

rockets by using probabilistic analysis has been described and illus-

trated. In particular, a probabilistic model of the thermal environment

to which rockets are exposed in real life situations was developed. As

an example, the Sidewinder rocket motors were considered, and the real-

istic thermal environmental and logistic (i.e., movement of rockets from

one location to another) data were probabilistically modeled. The meth-

ods used are general and can be applied to other rockets. Failure occurs

when the rocket motor has exceeded an allowable level of cumulative pro-

pellant damage.

In this report, propellant damage was caused by thermal stresses re-

sulting from external temperature only. There are other causes besides

temperature for damage in rockets (such as shock and vibration, chemical

aging of the propellant, humidity, and radiation). These are not con-

sidered in this model; however, it is recommended that these other effects

be added into the damage calculations.

The example for Sidewinder rockets was integrated with the model de-

velopment. The environmental temperature model was developed first.

This model is quite general and describes the temperature in a probabil-

istic manner. The example internal temperature distribution through the

motor case and grain was then determined in a sealed motor for a given

external temperature variation. Following this, example stresses due to

(1) temperature gradients in the rocket propellant and (2) differences in

material properties between propellant and casing were determined. A

Markov state model was then developed that describes the probabilistic

manner in which rockets change locations using various modes of trans-

portation. A damage accumulation model was interfaced with the Markov

state model, and numerical results are siown for Sidewinder rockets using

past motor logistics data and a representative environmental model.

3
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Damage accumulation was considered for storage, transportation, and

captive flight conditions for Sidewinder missiles.

Damage incurred during storage is minimal. Navy storage locations are

situated in mild climates with the most climatically severe storage site

located at Tokyo/Atsugi. Rockets aboard ships also experience a mild

temperature. The surrounding sea acts as a temperature stabilizer and ships

do not frequently travel in very cold and icy waters where damage could be

higher.

Truck, train, and air transportation is more damaging than storage

(by at least two orders of magnitude); and captive flight is more damag-

ing than either storage or transport. During captive flight the rocket

is directly exposed to the surroundings; the air at high altitudes is

very cold and, hence, can cause a larger amount of damage because of re-

sulting low motor temperatures.

INTRODUCTION

The oroPellant of solid rocket motors in weapons systems is

known to deqrade with time. Prediction of the time at which the

solid rocket motor is no lonqer serviceable is extreely important to

overall planninq of the deployment and replenishment of the weapons

system. The weapons system planninq is related to the time when

early failures in the solid rocket motor fleet are expected, rather

than the time when an "averaqe" motor is expected to fail, resultinq

in a need for prahahilistic failure prediction methods. These meth-

ods of failure prediction can also he expected to lead to improved

specifications for motor procurement.

An accurate description of the environment to which the motor

will be subiected is a critical first step in failure prediction.

Since environriental factors (such as temperature) and thp life cycle

of deployed motors are random in nature, a nrobabilistic treatient of

4
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life prediction is essential. The purpose of this project was to

develop a probabilistic model of solid rocket motor environments and

to demonstrate that the model can be used in life predictions.

One of the main natural causes of rocket motor deqradation is

thermal stresses in the propellant which can cause initiation and
qrowth of cracks. Rocket motors are frequently transported from one

location to another nr they are stored in different locations around

the world. Each location is characterized by its own unique

climate. Rockets could he in covered storaqe, dump stored, inside

aircraft carriers or other ships, air or qround transported, on the

deck, or in captive fliqht. All of these activities have their own

representative climates. The rocket external temperature varies due

both to diurnal temperature changes and seasonal temperature changes

dnd with position on the surface of the earth. These temperatures

and the temperature changes induce thermal stresses in the

propellant. Thermal stresses arise, even in a steady state condition

(uniform temperature), because of differences in thermal expansion

between the propellant and the rocket case and because they are below

their stress-free temperature. The most highly stressed locations

are generally the case bond and the bore.

In this report, the effect of temperature on rocket motor damage

is emphasized, and an example external temperature model for Side-

winder rockets is developed. Althouqh there are other causes for

rocket lamage such as vibration, chemical aginq of the propellant,

radiatirn, humidity, and shock, these effects are not considered

here.

The propellant material is frequently characterized by a visco-

elastic thermo-rheoloqically-simple material behavior. The most

importa-t feature of this behavior cninared to purely elastic beha-

vior is that the r-lationshin hetwepn trnsses anq strain; in the

rlateria' is not uniue b:jt is a fun( ion of tine and enrplrit~irr.

5
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Substantial test information exists that relates time-to-failure -in a

propellant to constant applied stress, constant applied strain, or

stress applied at constant strain rate. Propellants in real weapons

systems are not subjected to constant stresses or strains. Instead,

both the stress and strain vary continuously with time, dependent

upon the environmental (particularly temperature) fluctuations.

Limited information exists to relate these time variant stresses and

strains to propellant failure. One relationship that has shown con-

siderable promise as a failure criterion is the linear cumulative

damaqe model proposed by Bills and Wieqand.

2 3
Related studies have been done by Cost and Daqen, and Heller,

4 5 6
and more recently by Cost. ' ' These investigators made consider-

able progress in calculatinq propellant response to probabilistic

environments. The present model builds on this previous work by

emphasizinq the relationship of the environment to motor loqistics

and the effect on motor failure of cumulative damaqe due to the envi-

ronment.

The major different features of this development compared to

previous work are:

1. Combination of a previously defined cumulative damage

model that is consistent with observed propellant beha-

vior with an environmental model that produces cumulative

damage. Propellant failure can he caused by the accumu-

lation of many temperature cycles, even if the critical

stress or strain to cause failure in a sinqle cycle is

never exceeded.

2. Development of a realistic probabilistic model of the

environment that characterizes the deployment of Navy

tactical weapons systems. Such an environmental model

takes into account the fact that motors in these weapons

6
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systems are frequently moved from one location to another

using various modes of transportation.

3. Use of simulation techniques that can readily calculate

the probability distributions of life for the earliest

failures in the fleet. It is this information that is

important in making decisions on fleet replenishments.

To develop a probabilistic model of solid rocket motor environ-

ments with these features, it is important that the eventual use of

the model be clearly established. The proposed model is to be used

to predict the damage incurred by (and eventual failure of) solid

rocket propellants. Therefore, it is essential that the environmen-

tal model contain the major effects that result in damage to the

propellant. The damage model to be used in this development depends

on the amount of time at a particular stress and temperature for all

discrete locations in the propellant. The major environmental fac-

tors affecting these parameters are temperature external to the motor

and changes in this temperature as a function of time. Therefore,

emphasis in the model was placed on temperature and temperature

changes.

The interaction among elements of motor life prediction is shown

in Figure 1. As shown, environmental data and motor logistics data

must be combined to formulate the probabilistic model. It is also

clear that the model must be in such a form that the propellant

stress and environment history can be used with the damage model to

make probabilistic predictions of motor life.

k7
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SENVIRONMENTAL IDT MOTOR LOGISTICS 1

PROBABILISTIC MODEL OF MOTOR
EXTERNAL ENVIRONMENT

P ROPELLANT STRESS AND
ENVIRONMENT HISTORY

DAMAGE MODEL

I
MOTOR LIFE
PREDICTIONS

Figure 1 - Relationships in Overall Life Prediction
Problem.

ROCKET MOTOR EXTERNAL TEMPERATURE MODEL

The temperature of a rocket motor skin in a qiven environment is

modeled as a random variable which can be characterized bv a sinusoi-

dal series consistinq of various harmonics. This model can hp viewed

as a comrlex Fourier series representation of the rocket skin temper-

ature

T s  T m  T e i (

i=8
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where Ts is the skin temperature, y, is the mean temperature, Ti is the

amplitude of the harmonics, wi are the harmonic frequencies, t is time,

and I is the number of harmonics considered; i desiqnates /--T.

In the present model, the frequencies are assumed to be fixed

deterministic values. The amplitudes T. and Ti are modeled as random

variables to be characterized from past recorded temperature data.

Within the propellant, a temperature solution of the form

T( ,t) = TT(+,t) + T + iw.t (2)

is expected, where r represents the location within the propellant,

T r , is a transient term that decays with time, and Ri is a termT(r't)
dependent upon location, wi, propellant properties, and qeometry, but

not upon time.

Suitable analysis methods can be used to solve for stresses

versus time under these temperature conditions. Stresses are depen-

dent utron temperature gradients within the propellant, properties and

differences in properties of the propellant and case, and the propel-

lant and case qeometries. A typical assumption is that propellants

behave ideally as viscoelastic media with temperature-dependent

relaxation modulus.7  Stress solutions can qenerally he expressed

as

r , t )  (3)

where i are the components of stress, t-c is a vpctor of case pr-

p
ti-n, 'v t is th'e. For iost 1t-t he

p
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taken as time and temperature dependent for realistic analysis (i.e.,

thermo-viscoelastic analysis).

A power spectrum for temperature exhibits two siqnificant, nar-

row peaks centered at the frequencies of the seasonal and diurnal
8

cycles as shown in Fig. 2. Therefore, the temperature representation

model can be simplified by retaining only the diurnal and seasonal

frequencies in the Fourier series.

Hence, the temperature is expressed by

Ts = Tm + Ta sin wa
t + Td sin wdt (4)

where T. is the mean temperature, Ta and Td are the amplitudes of the

annual and diurnal cycles, respectively, and wa and wdare the annual

and diurnal angular frequencies given by

a 2 nFa 2 hour -1  (5)

2inF - hour -1  (6)

with F denoting the cyclic frequency.

This analytic form of the external temperature is convenient for

solving the heat equation in closed form and for determining the

temperature distrihution throuqhout the rocket cross section.

The temperature model assumed in this analysis and described by

Eq.(4) would qive a discrete frequency spectrum as shown in Fig. 2.

Therefore, the deterministic frequency model is an idealization of

the actual temperature representation. Although the frequencies of

10
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the temperature cycles are assumed to be fixed deterministic values,

the amplitudes of the seasonal and diurnal cycles, Ta and Td, are to

be represented probabilistically. As an example, Sidewinder rockets

are considered, and the specific temperature amplitudes Ta, Td are

determined for different Sidewinder locations.

EXAMPLE EXTERNAL TEMPERATURE MODEL FOR SIDEWINDER ROCKETS

Sidewinders are five inch diameter rockets used in air-to-air
operations. These rockets are found in a variety of environments and

conditions around the world. The averaqe life of a Navy Sidewinder
rocket is spent as follows (see NWC TP 4464, Part 1, p.15 9).

NOTE: The dashed lines denote
the spectrum that results
from the deterministic
frequency model used in
this analvisis.

C-_

-- Actua i Spectrum

I - term in i t ic
Spectrumr UsePd

in Aialysis

fa fd frequeic'#

Figure 2 Schematic Ambient Temperature Power Spectrum
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Portion
of Life

Location Condition Spent

Storage covered 87%

exposed/dump 3% (lower

during

peacetime)

Transportation air 0.82%

qround 4.15%

Ammunition and

Combat ship 5%

Captive flight * 0.03%

There are different clirates unique to each of these main cate-

gories. Table 1 shows possible locations throughout the world where
Sidewinders are found. These include both continental USA and over-

seas bases, ships (such as aircraft carriers, ammunition ships) and

others. Rockets are frequently transported from one of these loca-

tions to another; transportation can be either by sea, air or qround

(train or truck). In the following sections the applicable external

temperature will be developed for each of these locations. That is,

the parameters describinq the external temperature (Eq.(1)) will he

determined.

This datum was determined from the Navy Fleet Analysis Center's RM

History tape.

12
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Table I - Sidewinder Locations

1. Yorktown, VA Ships

2. Subic Bay, RP 32. Kitty Hawk CV-63

3. Israel 33. Independence CV-62

4. Fallbrook, CA 34. JFK CV-67

5. Aqana, Guam 35. Midway CV-41

6. Coral Sea, CV-43 36. Constellation CV-64

7. Subic Bay NAVMAG 37. Ranqer CV-61

8. Concord, CA 38. Enterprise CVN-65

9. Yuma, AZ 39. Oriskany CV-34

10. Seal Beach, CA 40. Shasta AE-33

11. Miramar, CA 41. Santa Barbara AE-28

12. Dallas, TX 42. Suribachi AE-21

13. Kaneohe, HI 43. Saratoqa CV-60

14. Atsuqi, Japan 44. Butte AE-27

15. Oceana, VA 45. Nimitz CVN-68

16. El Toro, CA 46. Forrestal CV-59

17. Roosevelt Roads, PR 47. Flint AE-32

18. NAHA, Okinawa 48. Hull

19. Kadena 49. Mt. Baker AE-34

20. Point Muqu, CA 50. Wabash AOR-5

21. Siqonella, Italy 51. America CV-66

22. Beaufort, SC 52. F.D. Roosevelt CV-42

23. Norfolk, VA 53. Detroit AOE-4

24. Sinqapore 54. Nitroh AE-23

25. Da Nanq, Vietnami 55. Eisenhower CVN-69

26. Nellis AFB, NV 56. Canisteo AO-99

27. Rota, Spain 57. Camden AnE-?

28. Cherry Point, NC 58. Haleakala AF-25

2Q. Key West, FT- 5q. Kiska AF-35

30. Iwakuni, 'anan 60. Hancock CV-1Q

31. Nan Phong

13
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Sidewinder Storage Location External Temperature

The National Oceanic and Atmospheric Administration (NOAA) in

Asheville, North Carolina, has an extensive data base of tempera-

tures for many locations both in the United States and overseas.

Temperature data are recorded hourly or every three hours and for

several years.

Typically, the data span a ten to twenty year period or

lonqer. A temperature computer tape for each of the Sidewinder

ground locations was obtained from NOAA.

A computer proqram called WEATHER was developed at Failure

Analysis Associates (FAA) which analyzes the NOAA weather tapes and

produces probabilistic distributions of the mean annual temperature

Tm, seasonal temperature amplitude Ta, and diurnal temperature ampli-

tude Td.

WEATHER initially computes daily mean temperatures. From these,

monthly means are obtained and then the annual mean is obtained by

calculatinq the means of the months. A deterministic value of Tm is

used since the annual mean temperature has a very small standard

deviation.
10

Cumulative density functions (COF) were found for the annual

temperature, Ta and the daily temperature amplitude, Td. The annual

temperature amplitude for a qiven year was assured to be half the

difference between the hiqhest and lowest monthly mean tempera-

NOAA's weather tapes contain additional weather information besides

ambient temperatures.

** All computer proqrams here are written in FORTRAN and are listed
in Appendix D.

14
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tures. The diurnal temperature amplitude for a qiven day was assumed

to be half the difference between the highest and the lowest daily

temperatures. The cumulative density functions for the amplitudes

were constructed from the frequency of the size of the amplitudes.

Typically, the seasonal temperature amplitude is found to have a

smaller deviation than the diurnal temperature amplitude. Figures 3

and 4 describe a typical CDF for the seasonal and diurnal temperature

amplitudes for Point Muqu, California. Notice the wider variation of

the diurnal temperature amplitudes.

7F - -....... ... .---

ITAPE DECK NUIMBFR :440
STATION NUMBER 9111

.- M 3 1 ( t(

A:L RAGE TEIIFEPATFRE 59

A n , ,. f , . 1 i

Figure 3 -Probabilistic Annual Temperature Amplitude.
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1.0 T

- U.

POINT MUGU, CA

TAPE DECK NUMBER 1440

STATION NUMBER 93111

FROM 3 1 46 TO 12 31 71
AVERAGE TEMPERATURE 59

10 2U 3u 40

Da i1I Tempe@rdaturte hint t ,de

Figure 4 - Probabilistic Daily Temperature Amplitude.

During the Monte Carlo simulation for a rocket motor in storaqe,

a random number between zero and one is qenerated to select the an-

nual temperature amplitude. This determination is achieved by usinn

the CDF appropriate for that storage location. The same process is

repeated to determine the diurnal temperature amplitude. The actual

data for the storaqe location are used directly without attemntinq to

fit a parametric model to the temperature distribution. The randrn

number qenerator proqram RANOK11  is available at the Stanford

University computer.

16
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The complete seasonal and diurnal CDFs for all the storage loca-

tions are shown in Appendix A. A digital form of these data is used

later in the damage calculation.

Approximately 98% of the stored rockets are in covered type

storage and the rest are dump stored or not covered (NWC TP 4464,
Part 1, p. 159). Rockets in covered storage are well insulated.

Therefore, the rocket skin will experience a small temperature varia-

tion corpared to the ambient air temperature fluctuations. The ef-

fect of the insulation will be modeled by introducing seasonal and

diurnal amplitude scale factors, fa and fd, in the followinq storage

temperature representation formula:

Tstorage : Tm + faTa sin wat + fdTd sin wdt (7)

Ar approximate value of fa' based on earth covered storage tem-

perature data in Oahu/Hawaii, is 0.66 (see NOTS TP 4143, Part 2,

p.5). An estimate of fd could not be inferred from that same re-

port. It is expected that fd will be smaller than fa and close to

zero.

External Tenqperature for Ship Transport

Teperature data for ordnance carried on-board ships are avail-

able but limited to only a few ships. However, data from many levels

are co'lected. Since these ships are constantly in motion they will

experience different climates not only because of seasonal chanqes
hut a'so because the ships move to different locations on the

oceans. Therefore, temperature history for a given ship is not very
meaninvful unless its location and season are known. Such data will

be very difficult to construct. Instead of developinq an external

temperature input for each ship, we -n construct a single qlohal

17
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temperature model for all ships, assuming the available temperature

data constitute a representative sample. The form of the external

rocket temperature will be the same as Eq.(4), i.e.,

T = Tm + Ta sin wa
t + Td sin wdt , whereby the probabilistic ampli-

tudes Ta and Td and the mean temperature Tm are determined from the

cumulative density functions (CDF) of all the ships for which temper-

ature data are available. Howard Schafer of NWC, China Lake uses a

single parameter probabilistic CDF but his method cannot account for

seasonal and/or diurnal temperature cycles (see Fig. 36, NWC TP 4824,

(Ref. 13) for composite temperature of all ships, all levels). A

computer proqram AIRCARRY was written that determines the CDFs of

seasonal and diurnal temperature amplitudes from the raw temperature

data of rockets inside ships.

Temperatures from different levels in ships and different car-

riers were used. The source of the data is:

USS Franklin D. Roosevelt CVA -42

USS Kitty Hawk CVA -63

USS Enterprise CVAN -65

USS Shangri-La CVA -38

A total of 4638 days were considered in compiling the tempera-

ture CDF data. The resultinq CDF for the diurnal temperature ampli-

tude is shown in Fiqure 5. Note that the daily temperature variation

is generally small. Since the temperature data used came from only

two different years, a probabilistic representation of seasonal tem-

perature amplitude was not available and a deterministic mean value

of 4*F was assumed. When temperature data from other years becomes

available, a probabilistic seasonal temperature amplitude can be

constructed.

18
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Figure 5 - Diurnal Temperature Amplitude CDF.

Captive Flight External Temperature Model

Measurements of skin temperature of rockets during captive
14

flight indicate that with the exception of take-off and landinq,

external temperature of ordnance is quite uniform. Figures 6 and 7

show typical temperature vs. time plots of Sidewinder rockets during

captive flight.

A majority of captive flights are flown at low to medium alti-

tude where the ambient air temperature is mild. A small percentaqe

of flights, however, are flown at hiqh altitudes (40,000 to 50,000

feet) where temperatures as low as -70°F can develop on the external

skin of rockets. Because of the limited data during captive flight

at this time, a complete probabili-tic model for external temperature

of rockets cannot he established. Instead, a simplified model is

used, represented by a constant temperature during each fliqht, with

the temperature randomly selected from an assumed Gaussian distribu-

tion. A mean temperature of 30°F and a standard deviation of
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Figure 6 - Flight Profile of a Typical High-Altitude Loiter

Flight (from NWC TP 5365).' "

20°F are assumed. The averaqe duration of a cantive fliqht is

approximately two hours.

External Temperature of Sidewinders During Transportation
Approximately 83% of Sidewinders are qround transported and 17%

air transported. A similar temperatiire mndel is used for air trans-

portation as in captive fliqht; that is, a uniforn external tempera-

20
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ture is assumed during the flight. However, the mean temperature and

standard deviation will be different than for captive flight. Limit-

ed information exists in NWC TP 482815 for temperatures of air trans-

ported ordnance.

0 1.0
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Figure 7 - Flight Temperature Profiles During Medium-Altitude
Fliqht (from NWC TP 536 5 )."T
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During air transportation a Gaussian distribution with a mean

temperature of 60°F and a standard deviation of 10OF was assumed (see

Figs. 12-17 of NWC TP 4828").

During ground transportation (truck or train), the external

temperature varies due to the effect of diurnal temperature cycles

and also due to changing location (i.e., changing climates). It

would be a formidable task to precisely trace the complete external

temperature variation of rockets durinq ground transportation.

Therefore, a model based on the temperatures characteristic of the

departure and arrival locations is used. Hence, the transportation

period is divided equally between departure and arrival locations.

Obviously, a more exact model would incorporate several climates that

the truck or train will encounter during the entire course of travel.

Durinq ground transportation, the appropriate rocket external

temperature is the ambient air temperature of the departure and

arrival locations but scaled down because of some insulation provided

by the truck or train shell. This insulation is typically less

effective than an earth-covered storage insulation. Also, when the

rocket is removed from storage and taken to a truck or train it will

be exposed to ambient temperature (i.e., it is uninsulated). This

period is short and furthermore, if the temperature is very severe,

the transpoitation may be delayed to avoid unreasonably foul weather.

It is necessary to determine appropriate scaling factors, fd and

fag for the amplitudes in the characterization 9f the rocket skin

temperature during qround transportation. That is,

Tground transportation = Tm + faTa sin wat + fdTd sin wdt (8)

where Ta and Td are the ambient temperature amplitudes. A scaling

factor for the diurnal cycle is assumed to be 0.63 (see NWC TP AR22,
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16

Fig. 8). The seasonal temperature amplitude is not scaled down

(i.e., fa = 1) because the duration of the transportation is general-

ly short compared to seasonal weather chanqes.

EXAMPLE TEMPERATURE DISTRIBUTIONS IN A PROPELLANT

As an example, transient temperature and stress distributions

were calculated based on the Fourier heat equation for a cylindrical-

ly shaped solid propellant. Figure 8 shows a cross section of a

propellant and casing, which is assumed to be cylindrical for this

example, but could be of any shape in the qeneral applications.

fr Propellant

Steel Casing

rr

Figure 8 - Schematic of a Rocket Motor Cross-Section
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The partial differential equation governing heat conduction in a
17

solid is given by

1 2~ a2T1  1 aT1

(a) 1 DT 1 V2T 1 =a + r3Tr ra (air)

(9)

1 3T2  2 a2 T2  1 aT2
(b) _F2t -V T2 = 2 r ar a~r h (propellant)

TI is the temperature in the cavity (air) and T2 is the propellant

temperature. kI and k2 are the thermal diffusivities of air and

propellant respectively. V2 is the harmonic operator which is

expressed here in polar coordinates for convenience, and t denotes

time.

The boundary conditions require

T1 (a,t) = T2 (a,t) (continuity of (10)

temperature)

C a a C2 (at) (continuity of (11)

C1  3r 2 3r____

heat flux)

C1 and C2 are thermal conductivities of air and propellant respec-

tively. For the boundary condition at h, the previously descrihed input

from the environment (Eq.(4)) is used.

T2 (b,t) Tm + Ta sin wat + Td sin wdt (12)
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The steady state solution of the temperature distribution in the propel-

lant is given by

T2(rt) = Tm + Ta [-AaFa(r) + BaEa(r)] cos Wat

+ Ta rAEa(r) + BaFa(r)] cos at

+ Td [-AdFd(r) + BdEd(r)] sin wdt

+ Td [AdEd(r) + BdFd(r)] sin wdt

where A and B are constants and E and F are functions of position.

All parameters used here are defined in Appendix B.

Note that to obtain this solution, the temperature of the steel

casing was assumed to be approximately constant, i.e., T(b,t) = T(c,t).

This assumption that the temperatures at the inner and outer radii of

the case are approximately the same can be justified because of the

relatively large conductivity of the steel case compared to the con-

ductivity of the propellant; furthermore, the thickness of the case

is much smaller than the radius of the propellant. The thermal dif-

fusivity of the steel case is about 100 times that of the propellant.

As the time increases and steady conditions prevail, the

response frequency to the annual and diurnal inputs will be the sane

as the "forcing function" frequencies and the solution will be of the

form

Tlonq tine T + Ta Ra sin a ,Wat) + TdRd sin (0d+Wdt) (14)
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where Ra and Rd are not functions of time. 6 is a phase shift that

depends upon radial location, geometry and properties of the propel-

lant, (Eq.(12)). [No matter how complex the propellant geometry, the

solution can be expressed in this form.] If input frequencies other

than annual and diurnal become important, more similar terms can be

added to Eq.(14). Note that this relationship is not applicable to

the captive flight and air transportation conditions because the time

is too short for steady state conditions to be realized.

STRESS MALYSIS

Temperature differences below the stress-free temperature in the

rocket (including gradients due to external temperature variations)

and differences in properties between propellant and case, cause

thermal stresses in the propellant.

For a case-bonded rocket motor, the thermal stresses and strains
18

have been developed for elastic media. The stresses in the pro-

pellant grain (under plane strain conditions) may be expressed by

or = p O [ L f r T dr - f- r r T dr (15)

_-P' + -T dr +- T r dr - (16)

0 0

Oz  -2vp' +T e [ b r dr - (17)

_7Lb2 T
0

Z6

" L. . .d.... ... . .. .. .. _. .... . . l - - .
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Ee [2 J T r dr -a c(1+V ) T(b,t

p_ = bE (18)

(1+v) (1-2v) + (1v
2c) ec F-F-cc

where a and a are the coefficients of thermal expansion, v and v

are Poisson's ratios, Ee and Ec are the elastic modulii of the

propellant and the case, respectively, and hc is the thickness of the

motor case.

The term containing Ee and Ec in the interlaminar pressure term,

Eq.(18), can he eliminated because Ec>>Ee. A siqnificant portion of

the thermal stress in the propellant is caused by the difference in

expansion properties between the steel case and the propellant. This

stress is expressed by the interlaminar pressure term. The remaining

terms proportional to Ee in Eqs. (15) throuqh (17) indicate thermal

stresses due to temperature gradient in the propellant.

Solid rocket motor propellants are represented to behave (ideal-

ly) as viscoelastic media whose relaxation modulus 7 is temperature

dependent. Therefore, a viscoelastic stress analysis is prefer-

able. It has been shown in many cases that a viscoelastic response

will be approximately equal to an elastic solution wherein elastic

constants are replaced by time-dependent creep or relaxation func-
19

tions. Hence, the elastic stress solution of a long cylinder with

a case should be converted into an equivalent viscoelastic solution

by replacing the elastic modulus E with the viscoelastic relaxation

modulus. The relaxation modulus is qiven in terms of the reduced
20

time which is cnmputed by inteqratinq the time-temperature shift

factor up to the current time.
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A viscoelastic solution can be derived from the above solution

by replacing the elastic modulus Ee with the relaxation modulus for

each stress component. Hence

OV = E()
e

where E( ) denotes the relaxation modulus; a is the elastic solutione
for a given stress component; Fe is the elastic modulus for the

rocket propellant; a is the correspondinq viscoelastic stress compo-
v 20

nent; and is the reduced time given by

J d-,
= a T(T(r,t))

where aT is the shift factor which is a function of temperature and

consequently a function of time. Typical curves for relaxation modu-

li and time temperature shift factors are shown in Fiqures 9 and 10.

Although this viscoelastic approximation is qood for monotonic

loadinq conditions, when cyclic thermal stresses exist, this type of

approximation is not as accurate. Therefore, a riqorous thermovisco-

elastic solution is needed. Because of the lenqthy computation

required during a Monte Carlo simulation procedure, an elastic stress

analysis which is faster and less costly was used. When an efficient

and reliable viscoelastic proqram becomes available, the overall

anproach has been devised so that it could be substituted.
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N1RKOV STATE HODEL

A Markov model is a probabilistic engineering concept which

describes a system subject to change in state. Such a model is used

as the principal tool in combining environmental data with motor

logistics to form the probabilistic model of motor external environ-

ment. A Markov model containing the essential features needed to

represent solid rocket motor temperature environment has been deve-

loped and executed.

Markov models are a function of two random variables, the state

of the system and the time of observation. An illustration of the

state of the system for solid rocket motors is shown in Figure 11.

For example, the state could be either storage in a moderate climate

or aboard ship in an arctic climate. Substates within the states are

also used in the model. These substates are illustrated as environ-

ments 1, 2, 3, etc., in the desert storage state. Eaca environment

(substate) is described in the model by a temperature (probahilisti-

cally chosen) versus time trace (see section titled "Rocket Motor

External Temperature Model"). The basic concept is that, at any

qiven time, any particular solid motor will reside in one of the

state spaces.

Any Markov model is defined by a set of probabilities, Pij,

which define the probability of transition from state i to state j.

For example, in Fiqure 11, if shipboard/tropics* is labeled as state

3 and aircraft/tropics is labeled as state 7, then P37  is the proba-

bility that a motor which is on-hoard ship in the tropics at time t

For Sidewinder rockets the shipboard data combine all climates.

Thprefore, no 1iistinction is made amonq tropical, arctic or
-i),!?rate clinatp,.
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Figure 11 - Schematic of State Space for Markov Model.
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will be on-board an aircraft in the tropics at time (t + At). Note

toat Pii is the probability that the system will remain in its pres-

ent state. Also note that, in this context, the substates as defined

above can be reqarded mathematically as states. The transition prob-

abilities can be conveniently displayed in matrix form as shown in

Fiqure 12.

F P11  P12  P1 3  - - - - - -  Pin--

P21 P22 P23

P31 P32  P3 3
I I
I I

I I
I I

- P .. . .-

lJ

L o 
j

Pi Probability of passage from state i to state j.

Figure 12 - Transition Matrix for Markov Model.
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Obviously, in a practical Markov model of solid rocket motor

environments, many of the Pil's will be zero because it will be phys-

ically impossible to reach some states from certain other states.

Other special cases are that in the expended or retired states

(denoted as absorbing states), Pij = 1, and Pij = 0, i j.

In applying this Markov model to solid rocket motors, it may be

important to provide for damage accumulation during transfer to

another location. This would require refinements to the present

modeling to add transient to the steady-state temperature and stress

solutions.

Ine basic model is general enough to apply to any solid rocket

motor. However, the transition probabilities, Pij, are dependent

upon the particular weapons system and are, therefore, regarded as

input based on motor loqistics data.

Motor failure is assumed to be governed by linear cumulative

damage as expressed by Bills and Wieqand.1  However, as also demon-

strated by Bills and Wieqand, the cumulative damage required to pro-

duce propellant failure is not deterministic, but should be regarded

as a random variable.

It will be assumed that the damage tolerance of solid motors is

a random variable which can be characterized by a oarameter spch as P

(see Figure 13) in the Bills and Wiegand damage equation. The damage

accumulation model will be described in detail in the section titled

"Damaae Model."

Tne model presented above is particularly adaptable to Monte

Carlo simulation, and this is the approach used here. The Monte

Carlo approach has the maximum generality that can be included in

probanilistic models. The simulation proceeds essentially as

follows:
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Figure 13 - Effect of Number of Stress Levels on Notmalizing
Parameter P

1. A riotor (with damaqe tolerance characteristics selected

at random from a probability distribution based on avail-

able data) beqins in the curing state, and the cumulative

damaqe in curinq is calculated accordinq to the Bills and

Wieqand damaqe model and recorded.

2. t the end of the curinq cycle, the motor passes to one

of thp other states, selected randomly in accordance with

the transition probabilities, Pi.i" The damaqe while

rpsidinq in the second stato is calculated and adde,! tn
the c,,rin lamae.
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3. At the end of a preselected time interval, the motor

passes from the second state to a third state, randomly

selected in accordance with the transition probabilities

Pij" Damages in passing to and within this third state

are calculated and added to the previous damage.

4. The process in Step 3 is repeated until damage is suffic-

ient for motor failure or until it, by chance, passes to

one of the absorbing states (expended or retired). When

the motor fails, its time to failure is recorded.

5. Another motor (with damage tolerance characteristics

selected at random) begins in the curing state, and Steps

1 through 4 are repeated.

6. Step 5 is repeated until a sufficient number of motors

have been simulated to establish a probability distribu-

tion of time to motor failthe

In the next subsection, the Markov model will he specialized for

Sidewinder rockets.

MARKOV MODEL FOR SIDEWINDER ROCKET MOTOR

The probability matrix for the Sidewinder rocket motors was

determined by using past h story of the rocket fleet heqinninq in

1972. This information was furnished hy the Fleet Analysis Center

(FLTAC) of the Naval Weapons Station, Seal Reach, Corona Annex,

Corona, California. The FLTAC's Sidewinder tape contains information

on rckpt lncations and on dates of arrival and departure from edch
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location, and it describes whether there are captive fliqhts and

their durations. Appendix C shows the complete transition matrix.

There are a total of 68 independent locations plus captive flight and

transportation Markov states. A list of Sidewinder locations was

indicated earlier, in Table 1.

Table 2 shows a typical example of the transition probabilities

from one of the states (NWS, Yorktown Ord Department) to the other

locations. These numbers represent one of the Markov matrix rows.

Note that a rocket that is located in Yorktown would have the hiqhest

probability of movinq to location 9, which corresponds to USS-JFK CV-

67, and the probability of this transition is P = 0.157.

A computer program LOGISTIC was developed that analyzed the

digital logistics data and produced the probability matrix for the

Sidewi' der rocket fleet. This program is written in general form and

car be used for other missile systems as well, so long as there is a

recorded history of past rocket movements. For new systems, analysts

should he able to construct an approximate matrix from knoAledqe of

anticiDated system deployment.

Table 2 - Transition Probabilities from NWS Yorktown to Other Locations

Transition Transition
Location Probability Location Probability

1 0.0 36 0.0
2 0.004301 37 0.0
3 n.032258 38 0.002151
4 0.008609 39 0.010753
5 O.o 40 0.017204
6 0.00?151 41 0.002151
7 0.0?3656 42 0.0
8 0.0 41 0.002151
9 0.156989 44 0.047312
In ().017204 45 0.0
11 n. onq6 ri 46 o.o
12 n.0 47 0I.010753
13 is0.0
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Table 2 - Transition Probabilities from NWS Yorktown

to Other Locations (cont'd.)

Transition Transition

Location Probability Location Probability

14 0.006452 49 0.015054

15 0.004301 50 (.1

16 0.025806 51 0.0

17 0.0 52 0.0

18 0.004301 53 0.0
19 0.004301 54 0.0

20 0.006452 55 0.004301
21 0.0 56 0.0
22 0.0 57 0.004301
23 0.0 58 0.0

24 0.010753 59 0.002151
25 0.008602 60 0.0

26 0.06 2366 61 0.0

27 0.0 62 0.0
28 0.101075 63 0.0
29 0.049462 64 0.0
30 0.030108 65 0.0

31 0.002151 66 0.0

32 0.017204 67 0.0

33 0.002151 68 0.0
34 0.0 69* 0.281720
35 0.0

DAMAGE MODEL

In applying the Markov model to solid rocket motors, the damaqe

due to thermal stresses is determined while a rocket motor resides in

a particular state, as well as when the motor passes fro one state

to another. Limited information exists to relate these time variant

stresses and strains to propellant failure. One relationship that

*Location 69 desiqnates Captive fliqht.
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has shown considerable promise as a failure criterion is the linear

cumulative damage model proposed by Bills and Wieqand.1  For a num-

ber of discrete, constantly imposed stresses this relation is,

1 n At.P t (19)

i = tfi

where

D is the cumulative damage

P is the normalizing term used to define the probability

distribution of failures

At. is the time the specimen is exposed to the ith stress

level

tfi is the time to failure if the specimen is exposed to

only the ith stress level.

The fact that the cumulative damaqe to cause failure is a random

phenomenon is taken into account by the parameter P. A demonstration

of the form of the distribution of P and the applicability of the
I

cumulative damaqe equation was qiven by Bills and Wieqand, as shown

in Fioure 13. Note the importance of treatinq the damage to cause

failure as a random variable compared to usinq the deterministic

value of P = 1. Althouqh each rocket motor has its unique critical

damaqe characteristic, many of the rockets will always remain toqeth-

er when travelling from one Markov state to the other. This fact can

eliminate some of the computation cost because fewer than the total

number of rockets in a fleet need to be considered in the Markov

proces;.
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Bills and Wiegandl also suggested the following relationship

for determining the time to failure, tf, of a propellant under con-

stant stress.

tf : at 0 (to- acr B  (20)( a t  a a c r

where

tf is the mean time-to-failure of the specimen when heid

under a constant "true" stress, at

a t  is the "true" stress applied to the specimen

to is the unit value of the time for whatever units are used

in measuring tf

0 to is the true stress required to fail the specimen in the

time to

acr is the critical true stress, below which no failures are

observed

aT is the time-temperature shift factor

B is a constant

A typical curve illustratinq this relationship from Bischel and

Wiegand 21  is shown in Figure 14.* When Eqs. (19) and (20) are -om-

bined, and aT and at vary continuously with time and temperature, the

cumulative damage is given by

An exponent, 8, of 9.3 (derived from N-29 propellant) was used
for Sidewinder rockets.
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t Br d
J (c t - cr) B

aT(t) (21)
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Figure 14 -Maximum Principal Failure Stress Curve
for Typical Propellant

The stress applied to a point in the propellant of a motor and

the temperature at the sane point are largely functions of the exter-

nal temperature 'luctuations (environment) applied to the motor.

Both the stress and temperature are important, since the factor a T is

stronqly dependent on the temperature. Fiqure 15 from Cost and

Darien illustrates a typical environriental temperature history for a

41
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one-year period. In addition to these seasonal fluctuations, the

diurnal cycle may also be important. The attenuation and delay of

the temperature response at several locations r in a typical motor

propellant from Heller 3 is shown in Figure 16. Typical stresses in

two propellant locations due to diurnal temperature cycling are
3

illustrated in Figure 17, also from Heller.

- I V +

-- i i l 1 1 i i -.

5tne - - seife .0

4 o 
4 .44

the ur 1 nvironmentf ad Themptraverse Hor fletof Otor thar oq

the environment itrel rand ine ntuavre it is flandamtors ththrob-h

lem be treated probabilistically.
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In the following section, examples will he used to demonstrate

the probability distribution of time to motor failure for Sidewinder

rocket motors.

NUMERICAL EXAMPLES

Several numerical examples are given here which demonstrate the

probabilistic damage calculations. A sensitivity analysis of parame-

ters used in the damage calculation was completed to provide quidance

on the relative importance of those parameters. Finally, the model

is demonstrated for Sidewinder rockets. The techniques used here can

be easily generalized to other rocket systems.

PARAMETRIC SENSITIVITY ANALYSES

The cumulative damage formula described earlier in the section

entitled "Damage Model" (becomes, in the deterministic case, P 1,

4ith consistent units):

D : t (a - a c B dt

o aT(Oto - 'cr)

uses several parameters (B, ato' Gcr, aT) which depend on the mate-

rial properties of the propellant. For Sidewinders, B was measured

to be 9.3 (using uniaxial data) as an average value. Small varia-

tions in stresses a, ato' acr can cause large changes in the inte-

grand and hence the value of the damage. Physically, a larqe expo-

nent in the damaae formula implies a qreater influence on damage for

larger applied stresses a. For example, a 100 psi stress applied for
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one hour is far more damaging than 10 psi stress applied for ten

hours (because of the large exponent). Therefore, the influence (on

damage) of the stress concentration factor, Kt (a multiplying factor

on round bore analyzed stress to obtain real stress) at qeometric

discontinuities in the propellant can be quite siqnificant.

As expected, the results shown in Figures 13 through 20 indicate

that damage is very sensitive with respect to changes in the stress

parameters. A small change in one of these parameters

'to' -cr or Kt causes an exponentially large difference in the value

of the damage.

3.5 7.0 10.5 14
0-I I I ,

-10 Oto 1?0 psi

Kt I

-20- 1 30
°  
F

tExternal 3 Doear
~Temperature Tempertr In" f (Standard Deviation)

-30--

0

-40-

-0 'I (BASIS: 100 HOURS CAPTIVE FLIGHT]

-60 -

Figure 18 - Dariage vs. Critical Stress Below Which "D Damage Oc,:urs
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Figure 19 - Damage vs. Stress Required to Fail Specimen
in One Minute

The cumulative damage for 100 hours of simulated captive fliqht

was evaluated by varying ato, Ocr and the stress concentration factor

Kt which is applied to the thermal stress solution of a long cylin-

drical neometry with a cylindrical bore (i.e., plane-strain, axisym-

metric, see Figure 8) to obtain the maximum stress.
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Figure 20 - Damage vs. Stress Concentration
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The geometry and properties of the rocket motor were assumed to

be:

Case outer radius 2.5 inches

Case thickness 0.068 inch

Radius of bore 0.9 inch

Thermal diffusivity of propellant 1.1 in2/hr

Poisson's ratio of propellant 0.499

Poisson's ratio of case 0.25

Coefficient of thermal expansion case 6.0xlO-5/OF
propellant 5.4xlO-5 /°F

Young's Modulus case 30x1O 6 psi
Propellant 300 psi

B 9.3 (using Bills'

nomenclature)l

For captive flight:

Outer temperature of rocket Tmean 30°F

(assumed to he a Gaussian distribution) Standard deviation 10OF

Tirie-terinerature shift factor tahle:

OF Log aT

-60 5.59

-.10 4.46

-?n 3.47

2.59

4q 1.11

i 0.48

-0.08
Inn -n.59

I-n -1.06

14J -1.48
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An example of a hypothetical batch of 500 rockets was analyzed to

probabilistically predict the time to failure of rockets in the

batch. The properties of the rockets, the dimensions, temperature

data and motor logistics (i.e., probability Markov matrix Pij) used

in the computer simulation were realistic assumed quantities. For

example, normal distributions for annual and diurnal temperature

amplitudes were assumed.

A computer proqram was developed, implementinq the techniques

discussed in earlier sections, to predict (probabilistically) the

time to failure of rocket motors in a given batch. The procedure

used in the computer simulation was discussed briefly in the section

on Markov state models. Each rocket in the batch is allowed to move

from one state to another according to the probability transition

matrix Pij' an" during this process the damage is ac-.umulated for

that particular rocket. When the total damage for a rocket exceeds

its tolerance (i.e., the random value of P), the next rocket is con-

sidered. This procedure is repeated until all rockets are analyzed,

recording their time to failure. Seven different environments are

considered with their corresponding thermal environment. These

states are typical of (1) curing state, (2) ,oderate storagie, (3)

arctic storaqe, (4) snipboard moderate, (5) truck moderate, (6) train

moderate, and (7) aircraft. Many rockets (shipment lots) experience

the same environment when travelling from one Markov to another.

Therefore, it is not necessary to analyze all 500 rockets separate-

ly. Instead, it is assumed that there will be 25 distinct complete

travel paths; i.e., rockets will travel in qroups of 2. and every

rocket ir a qiven croup will be subjected to the siri environment.

However, each rocket within a group will have its own characteristic

critical damage value determined probabilistically.

Eich group of roikets (consistinq of 20 rockots per oro oJ in

this example) was allowed to travel for ten Years, and the damane was
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accumulated for this period. Consequently, a relation between damaqe

and timie was established for every group of rockets for the period of

ten years. Then, a critical damage value P (see Fiqure 13) was ran-

domly selected for every rocket in a group, and from the damage ver-

sus time relation the failure time was predicted. Whenever the ran-

domly chosen critical damage (damage capability) exceeded the maximum

damage accumulated at ten years, failure time was determined by

extrapolating the damage versus time curve. The purpose of analyzinq

each rocket up to only a limited number of yea,: (ten years in this

case) 's to reduce the computational expense, because some rockets

may probabilistically have very larqe critical damage values and

hence iill require an unusually long time to reach failure. In some

cases, failure time could exceed 100 years. Such approximations are

acceptable since the emphasis of the analysis is to predict early

failures rather than those few cases where failure time is very long.

A sensitivity study was done to provide guidance on the relative

importance of various temperature parameters affectinq rocket motor

life. Each (Markov) state in the environmental model is character-

ized rY various temperature parameters such as the mean annual tem-

perature, the seasonal temperature amplitude and standard deviations

of amolitudes. Each parameter may have different effects on the

rocket failure times. For example, increasing the standard devia-

tions of temperature amplitudes in every state by 20% could cause

more 'amaqe per unit time than increasing all mean annual tempera-

tures y the same amount. The influence of each temperature parame-

ter was analyzed by varyinq the basic data. Results are summarized

in Ficjre 21, which shows the percentage of total rockets failed as a

function of time.

The results shown in Figure 21 indicate that an increase in the

ampli:,Ie of the temperature cycle increases the failure rate or,

equiv,'ently, shortens the rocket life. Increasinq the standard
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1 - Standard data 4 - Increase diurnal and annual

2 - Increase mean annual temp- temperature amplitudes

eratures by 20% by 50%

5 - Increase standard deviation3 - Increase annual temperature of temperature cycles

amplitudes by 50% 
by 20%
by 20%

S54 3 2

6

2

0 25000 5000G 75000 100000 125000

Failure Time, Hrs

Figure 21 - Percentage of Rockets (Hypothetical Geometry) Failed

As a Function of Time
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deviations of temperature cycles was more damaging to the rockets

than a similar (percentage) increase in the deterministic temperature

amplitudes. A Gaussian distribution was assumed for the temperature

amplitudes.

The most expensive part of such a computation is the thermal

stress analysis. For example, to analyze 25 rockets for 10 years

would cost approximately $100 on the Stanford University IBM 3033

computer. As a means of reducing the cost of computation, the damaqe

per unit time for each location was estahlished separately and com-

puted only once, and in the Markov simulation this damaqe/time was

entered as data rather than computed for each hour. Hence, for each

different location (storage, captive flight, etc.), the damaqe for a

specified period is computed by describinq the probabilistic external

temperature model representative for each location.* In the next

subsection, this will be demonstrated for Sidewinder rockets.

EXAMPLE OF SIDEWINDER ROCKETS

Damage in Storage Locations

The damaqe per unit time was computed for each different Markov

state. A computer program called STORAGE was developed to estimate

(probabilistically) the damage per unit time for each different sto-

rage location. The proqram uses the random external temperature

(T = Tn + faT a sin wat + fdT d sin wdt) model described in detail in

the section titled "Sidewinder Storaqe Location External Tempera-

A mnre rinorous stochastic method would use a distrihution of

dat-aqe per unit time for oach location rather than a
de'erninistic value.
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ture." The closed form thermal stress solution described in the sec-

tion entitled "Example Temperature Distributions in a Propellant" is

used to compute maximum hoop stress at the rocket bore. The ampli-

tudes Td and Ta are randomly selected once every 24 hours for Td and

once every 30 days for Ta. Stresses are calculated, at hourly inter-

vals, based on the random values of the amplitudes. Subsequently,

the damage is computed using the cumulative damaqe formula. The

total damage was calculated for each storaqe location for a ten year

period. The geometry and materials properties of the Sidewinder were

assumed (for this analysis) to be:

Outside radius 2.5 inches

Case thickness 0.06 inch

Radius of bore 0.9 inch

Thermal diffusivity of propellant 1.1 in2/hr

Poisson's ratio of propellant 0.499

Poisson's ratio of case 0.3

Coefficient of thermal expansion case 6 0x10-5/OF
propellant 5:4xiO- /OF

6
case 30x10 psiYoung's modulus propellant 450 psi

B (using Bills' nomenclature) 9.3

" to 160 psi

"cr 8 psi

Kt 2

The time temperature shift factors are shown on page 49.

The resulting damage (for ten years) is shown in Table 3 for

each location. Most of Navy's storage locations are in fairly mild

climates; hence, the damaqe is relatively low. Generally, colder
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Table 3 - Relative Damage

1. Fallbrook, CA DAMAGE = 0.40651D-09

2. Roosevelt Roads, PR DAMAGE = 0.0

3. Key West, FL DAMAGE = 0.0

4. Rota, Spain DAMAGE = 0.53422D-09

5. Norfolk Reg. VA DAMAGE = 0.29005D-06

6. Cherry Point, NC DAMAGE = 0.21729D-07

7. Oceana, VA DAMAGE = 0.18543D-06

8. Kaneohe Bay, HI DAMAGE = 0.0

9. Seal Beach, CA DAMAGE = 0.459470-09

10. Guam/Aqana DAMAGE = 0.0

11. Iwakuni, Japan DAMAGE = 0.11127D-06

12. Las Vegas Nellis, NV DAMAGE = 0.17629D-06

13. Dallas, TX DAMAGE = 0.30505D-07

14. Yuma, AZ DAMAGE = O.A3977D-09

15. Sigonella, Sicily DAMAGE = 0.17995D-07

16. Beaufort, SC DAMAGE = 0.38339D-08

17. Okinawa Is/Naha DAMAGE = 0.16054D-16

18. El Toro, CA DAMAGE = 0.66235D-09

19. Miranar, CA DAMAGE = 0.47866D-09

20. Yorktown, VA DAMAGE = 0.20989D-06

21. Point Mugu, CA DAMAGE = 0.26757D-09

22. Kadena/Okinawa DAMAGE = 0.54705D-16

23. Da Nang, Vietnam DAMAGE = 0.0

24. Nam Phonq, Thailand DAMAGE = 0.0

25. Concord, CA DAMAGE = 0.29840D-07

26. Tokyo/Atsuqi, Japan DAMAGE = 0.33713D-06

*0.0 indicates a very small number, not "zero."
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climates would cause more damage due to temperature alone. In

Sidewinder's case the most damaging location was located in

Tokyo/Japan; but, even there, the danage seems to be minimal. Most

storaqe locations are well insulated (see Figures 22 and 23); there-

fore the rocket (skin) external temperature will be milder than the

ambient temperature. This is considered by using a scalinq factor

for the amplitudes. In this case, fa was chosen to he 0.667; and fd

=0.4.

Figure 2 2 -Magazine 21HT4, Typical of the AT, BT, BTX, FT, HT, and WT
Magazines of the Naval Ammunition Depot, Oahu, Hawaii.
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Figure 23 - Magazine 1OFT3, Typical of AT, BT, BTX, FT, HT, and WT
Magazines at the Naval Ammunition Depot, Oahu, Hawaii

There nay he locations in the Sidewinder motor where the com-

bined overall stress and stress concentration factor Kt result in

hiqher local stresses than those obtained from bore stresses with

Kt = 2. In such locations, the damaqe miqht be dramatically

increased (see Fiqijre 20).
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Damage During Captive Flight

Unlike storage environment, captive flight can be very severe

for Sidewinders. The rocket is qenerally exposed to ambient tempera-

tures, and during high altitude flights, temperatures can he very

low; and, hence, cause larqe damage. Fortunately, most flights are

flown at low to medium altitude (below 25,000 ft) where the tempera-

tures are generally above 30*F. In the few instances of slow speed,

45,000 ft altitude flight, the case temperatures can be lower than

-40 0F.

A computer program called CAPTIVE FLIGHT was written to calcu-

late the damage during captive fliqht. The program assumes a Gaus-

sian form of external temperature distribution. The mean and the

standard deviations are input as data. A constant temperature is

maintained during each flight, but the temperature is randomly se-

lected for each flight from the specified normal temperature distri-

bution. All captive flights regardless of their origin are assumed

to be subjected to the same external temperature distributions. That

is, the distribution is assumed to be representative of all captive
fliqhts.* The revised input parameters (changes to the data above)

are:

For Captive Flight:

Outer Temperature of Rocket {Tmean =30°F

(assuming a Gaussian 1One standard deviation a =20°F

distribution)

Young's Modulus 800 psi

Gatherinq more data is recoimmended.
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The daiage was computed for 1000 hours (applied in two-hour blocks,

since average flight is two hours in duration, each with randomly

selected T) to be:

rjmulative damaqe durinq 0.150 x 10- 2

!00 hours of captive fliqht

Note tiat captive flight is far more damaqinq than storaqe (compare

to maximum storane damage of 0.337x10 -6 in ten years). In spite of

the relatively little time spent in caotive flight as opposed tn

storare, the captive fliqht resulted in mnre damaqe. Specifically,

the FTAC data shows that on the averaqe, a rocket spends 0.0272% of

its I fe (23.8 hours in 10 years) in captive fliqht. In spite of

this relatively short portion of life that is spent in captive

fliqht, (on the averaqe) captive fliqht is responsible for 106 times

more lanaqe than storane entirely in the most severe storaqe loca-

tion, i.e.:

'.150 x 10-2 365 x 24 x 10 -4100 037xi6 x 2.72 x 10- = 106
1000 0.337 x 10

- 6

/a-r( captive fliqht\
(capt'. -fliqht I 1captive hours) damage
(damace ner hour x nani per hou storage hours storaqe damaqe/r) soaqe

Sidewinder Damage Durinq Ship Carry/Stowaqe

71e temperature model described in the section, "External Tempera-

ture "Or Ship Transport,' (T ship= TM + Ta sin at + Td sin dt )  was

used in a program similar to STORAGE to compute the damane per unit

tirle. The distribution for the c al ampl itude Td is shown in
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Figure 5. The mean temperature Tm  equals 74
0F and a deterministic

value of 4F was used for the seasonal temperature amplitude. The

damage was computed to be 0.115 x I0-16 in two years. This is rela-

tively a very small amount of damage.

Sidewinder Damage During Ground Transportation

Ouring ground transportation (train or truck), the rockets are

exposed more directly to the ambient temperature; therefore the insu-

lation provided is minimal. This implies that the scale factors fa

and fd used in the equation T = T + faTa sin w at + fdTd sin Lidt are

close to unity. In this analysis fa and fd were taken to be unity,

and a damaqe at each storage location area was computed. The damage

that occurs when a rocket mioves from location A to location B which

required T hours of transportation is estimated by using the sum of
0 T

the damage that occurs in o hours at location A, plus the damage
2 T

that occurs at location B for the same period -- The relevant tem-

peratures are those of the arrival and departure locations and the

time is divided equally.

The damage ppr unit time at each storaqe area (usinq fa = fd
1) is listed in Table 4. Appendix D lists all possible transporta-

tion between locations and distances between these locations. The

duration of the transportation then is simply the distance divided by

the speed of transportation.
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Table 4. Cumulative Damaqe in Five* Years (fa d = 1 )

1. Fallhrook, CA DAMAGE = 0.50457D-08

2. Roosevelt Roads, PR DAMAGE = 0.0

3. Key West, FL DAMAGE = 0.10093D-15

4. Rota, Spain DAMAGE = 0.47872D-08

5. Norfolk Req., VA DAMAGE = 0.10161D-04

6. Cherry Point, NC DAMAGE = 0.37204D-05

7. Oceana, VA DAMAGE = 0.64862D-05

8. Kaneohe Ray, HI DAMAGE = 0.0

9. Seal Beach, CA DAMAGE = 0.42584D-08

In. Guam/Aqana DAMAGE = 0.0

11. Iwakuni, Japan DAMAGE = 0.44686n-05

12. Las Vegas Nellis, NV DAMAGE = 0.35502D-04

13. Dallas, TX DAMAGE = 0.72915D-05

14. Yuma, AZ DAMAGE = 0.21993D-05

15. Siqonella, Sicily DAMAGE = 0.29079D-05

16. Beaufort, SC DAMAGE = 0.24641D-05

17. Okinawa Is./Naha DAMAGE = 0.35618D-10

18. El Toro, CA DAMAGE = 0.46481D-06

19. Miramar, CA DAMAGE = 0.25572D-06

20. Yorktown, VA DAMAGE = 0.98086D-05

21. Point Mutqu, CA DAMAGE = 0.14555D-06

22. Kadena/Okinawa DAMAGE = 0.539480-09

23. Da Nanq, Vietnam DAMAGE = 0.468300-12

?4. Nam Phonn, Thailand DAMAGE = 0.44726D-19

25. Concord, CA DAMAGE = 0.58973D-05

26. Tokyo/Atsuqi, Japan )AMAGE = 0.14412D-04

*Note this relatively short time compared to actual experience.
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Sidewinder Damage During Air Transportation

During air transportation the temperatures are fairly mild.

Assuming a mean temperature of 60'F and a standard deviation of 12°F,

the damage was computed to be 0.885 x 10- 5 in 1000 hours.

CAPTIVE FLIGHT computer code was used to determine the air

transportation damage. This damage is 170 times smaller than captive

flight damage.

MARKOV SIMLATION OF SIDEWINDER ROCKETS

The values of damage per unit time from each specific type of

location (e.g., captive flight, storage, ship carry) computed earlier

were used as input in a program called MARKOV to determine probabi-

listically the damage that occurs in a rocket fleet. An example of a

fleet with 1000 rockets was analyzed. MARKOV uses as input the pro-

bability transition (MARKOV) matrix of the rocket in consideration.

In this example, the Sidewinder transition matrix derived from FLTAC

data was used. The characteristic "damages per unit time" are next

read as data input. The program then simulates the rocket history

and the damage accumulation. For Sidewinder rockets, as expected,

those rockets that were extensively used in captive flight experi-

enced the most severe damaqe (Tables 5 and 6 show the result of the
MARKOV computer run). Magnitudes of damage, however, seem low. The

maximum damage was computed to be 1.182 x 10- 3 after 10 years of
simulated rocket use. Figure 24 shows the cumulative density func-

tion of damage distribution, and Figure 25 shows the percentage of

rockets with extreme damage. Because of the tremendous sensitivity

of the damage value to the characteristic input parameters (see sec-

tion titled "Parametric Sensitivity Analyses"), the values of damage

should be interpreted in a relative sense, and a calibration of the

damaqe formula as was discussed by Bills !nay be necessary. Cyclic

thermal loading experiments of propellants will be of great utility.
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Table 5 -Sidewinder Rocket Damage.

1Rz 1 0115 = 0. 1901 7E -04 TIME= 93502. 141OC 5 NCAP= 7
12: 2 Drs= 0.1374&E-04 TIMlE= 949Z6. NOC' S I4CAP= S
12' 333 DM'O.3 E-05 TIMlE= 10616 7 . NLOC= 5 tMCAP'

12' 4. orts= 0.54417E-04. TIME= 967ZI1. II1CC= 6 lICAP' 20
12: 5 o :s:= 0.45927E-05 T1:1 lN = 144I . NIOC= 7 IICAP: I
12: 6 0 rG= 0.5S 30E-05 TIME: 91925. NLlC= 4 ICAP= 1
12' 7 ONG= 0.84219E-04 TIr!E: 108706. 111OC 3 NCAP= 31
IP' 8 DtM3' 0.70505E-04 TIME= II0C49. U41C' 5 NCAP= 26
!P= 9 D115= 0.16313E-04 TIME: = 102513. NIOC= 6 NC AP= 6
12: 10 O: 0.2,4533E-04 TIVE = 106352. H11C' 4 tIC4P= 9
!R' It Ol:3' 0.6:567E-04 TIMlE= 102935. IJ1CC= 5 1:CAP= 213
12' 12 DMG' 0.l35S-4E-04 TIMlE= I36ESI. 111OC 3 IC AP= S
12'. 13 D.- 3 0.5-,077E-04 TIME= 96114 . TJLOC' 7 IlCAP= 21
12' 14 Dt!G' 0.16457E-06 TIMlE= 90236. H11C' 6 t"',AP = 0
12' 15 DtM3' 0.75-mOCE-OS rIME: tZ054 6. 11102' 5 Vt4AP 2
12' 16 Dt:'= 0.23762E-04 TIMlE' = 5116. NIOC' 4 IICAP: 8
12' 17 DM3' 0.8Z3:5E-05 TIMlE= 103503. lILOC' 5 IICAP: 3
IR= 18 DM5'; 0.2^453;E-04 TIMlE= 92538. NLOC= 1' ̂S IA P= 9
IR= 19 D r; -, 0.Z7992E-05 TIME: 117600. HI11C 3 NCAPz 1
IR= ^10 OtIS' 0.0 TIME= 90240. H41C' 2 NCAP= 0
12' 2^1 Dr:G' 0.lIC6ZE-03 TIME= 150732. riLOC' 2 t:" AP= 44
IR' 22 011'= 0.56502E-0S TIME= 1,10505. ULlC' 5 t4CAP= z
IP' Z23 Dt!:3= 0.l540EE-03 TIME= 07379. H41C: 5 HICAP = 56

Z2 4 0115' 0. , al3E-02 TIlE= 151439. NLOC= 2 ICAP= 435
12: 25 DM3' 0.8153E-04 TIMlE= 1433Y4 . U11C: 5 lICAP: 30
12' 26 01:[5' 0.1,^595E-04 TItMlE= 1 14516. , ,laC= 5 , -,AP= 4
12: 27 DMG' 0.Z4:SIE-04 T I ME: = q564. U41C' l- MAP z 9
12' 28 Dr:Sz 0.6:160E-08 T IIE = 10 404 7. tl1CC= 4 14ICAP: 0
12: 29 r '= 0.1103tE-04 IIEZ 95268. t4 1C: 4 tMCAF" 4
12: 30 Dt-,= 0.E3970E-05 TIME= 1 1734-5. t111C 5 N" A P= 3
12: 31 0115' O.55

0
E*OE-05 TIME= SC310. 141OC 4 N4CAP= 2

12: 3 2 DM5' 0.67011E-04 IME' QZ7q3. tILOC' 5 IC AP= 32
IF= 33 DM5'- 0.6715SEV10 TItlE: i020fl7. t41CC= 2 t1C -'P= 0

IR: 36 0M:G' 0.15447E-04 TlttE' 101754. NLOC' 5 tICAP' 5
I2' 37 Dt*S' 0.EZ327E-05 T IME: x 02907. 111C: 5 lICAP= 3
1
0
= 33 N! G' 0.13502E-03 TIM!E: q'#797. tit C: 5 IJCAP= 50

-I2' 39 0115z 0.27250E-04 TIIlE' 117617. 111CC= 3 NCAP' 10
12: 40 Cr15' 0.73353E-04 TIME: l3SQ66. NLOC' 7 tICAP' 27
12: 41 Ot!7S' 0.1374CE-0. TIME:- 915241. I11CC= 5 lICAP' 5
I2' 42 0115' 0.Z225-04 TIME: 104733. 141CC= 5 KC AP= 8
IF= 43 0 M G z .65366E-04 T itE-- 110101. 141OC 5 1JCAP= 24
12' 44 DIIGz 0.16465E-04 TIME'x 113796. t111CC 4 14CAP= 6
IP= 45 DM5' 0.Z733ZE-04 TIME: 103Q49. t41OC 4 NCAP= 10
12' 46 011G: 0.f522521-07 TIMiE: 95759. NIOC: 2 tICAP= 0

-!R= 47 D ;Gz 0.201SIZE-05 TIIlE' 94744. 141CC' 4 NCAP= I
12' 48 0MG:z 0.CQ25ZE-07 TIME: 87071. ti1CC' 3 I4CAP: a
12: 49 ODlS' 0.7607-.E-04 TIME:- 89856. NLOC' 4 IICAP= 28
12: 50 0MG: 0.0 TIME: 65493. 141CC: NCAP: 0

IR individual rocket (which can also be considered to be an
average rocket of a group used as a shipment lot)

DMG = damage accumulated for time shown
TIME = total hours
NIOC = number of locations
NCAP = number of captive flights
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Table 5 (Contd.)

IA: 51 0MG: 0.11035E-04 TIME' 1108Z3. NIOC' 7 NCAP'
IZ' 52 0MG: 0.63147E-05 TItlE: 114619. NLOC' 6 NeAR' 3
ZR' 53 0M!G' 0.67155E-l10 TIM;E: 98971. NLOC' 4 NCAP' 0
IA: 54 D0MG= 0.15530E-O4 TIlE= 101160. N11C' 3 NCAP' S
IA:- 55 orHs' 0.2Z255E-03 TIME= 1 04060. HIOe' 4 ILCAP' 82
ZR' 56 DM'! 0.20^-75E-04 TIME' 120594i. N11C' 5 lICAF' 6
ZR' 57 DM5'= 0.2376,^E-04 TIMlE: 100575. N11C' 4 NCAP' 8
IF' 58 DMr,3' 0.55160E-05 TIMtE' esqo4. NOCe' 3 tIeAP' 2
IF' 59 DM5'= 0.7343#E-04 TIME= 93679. NIOC' 3 CeAP' 27
ZR' 60 DM3'= 0.e4307E-0-4 TIME' 103706. tiLOe' 5 NeAP' 31
IF' 61 DM3' 0.12700E-03 TIME' 118135. tILOC' S tlC.;P' 46
IA' 62 DM3'= 0.10503E-03 TIMlE' 103533. t111C 4 t4CAP' 40
ZR' 63 DM3'.S 0. 43006E-03 TIMrE: 1 16662. t4 OC' I NCAP' 177
IF' 64 Cr1'= 0.48638E-03 TIME' 186402. NLbC' 4 NeAP' 179
Iz' 65 DM5'= 0.2l734E-03 TIM;E' 93566. NIC' 6 NCAP' 80
ZR' 66 DM'0.3 1199E-04 IM' 93528. N1C' 5 HeAP' 14
ZR' 67 DIIG' 0.16450E-06 TIME' t03935. H11C' 4 NCAP' 0
!P' 68 DM3' 0.46627E-05 TIMlE' 93538. H41C' 5 HeAP' I
I?' 69 DM3'= 0.110O31E-04 TIME' 90113. MC' 4 MCAP' 4
IA' 70 0115' 0.82325E-05 TIME' ,1t >53. NIC' 4 1XCAP'= 3
ZR' 71 DM5' 0.19023E-04 TltlE' 11553,5. NbOC' 4 HeCAP' 7
IR' 72 DM3'; 0.65312E-0. TI ME:= 119.14. tit1C' 7 HCAP' 24
12' 73 DM3' 0.1141OE-03 TIME' q3-493. MIC' 4 14CAP' 4 2
12' 74 01:3' 0.56040E-05 T IME'= 10723 3. tILOe' 6 MC AP'z 2
IA' 75 DMG' 0. 354tZ8-04 TIME' I 005 43. lILaC' 4 NCAP' 13
12' 76 DM3'= 0.454'14E-04 TIME' 95-.07. H11CC' 4 HeAP' 16
IF' 77 DM3'= 0.1,^731E-04 TIME= 120936. NC' 4 HeCAP' 4
IA' 78 0113' 0.1902QE-04 TIMIE' 88672. NIC' 4 HeCAP' 7
IA' 79 DM3'= 0,16450E-06 TIME' 147724. NIC' 4 HeAP' 0
12' 80 DM5' 0.43a3ZE-04 TIMIE' 85705. tLtOC'= 3 HCAPz 16
IA' 81 DM5'z 0.160^298-03 TIM".E' 1835,96. tALC' 6 NCAP: 59
IA' 82 DM5' 0.IlNS,'E-O4 TIME' 1 Z4.478. NC' 4 HeAP' S
ZR' 83 DMG' 0.1916--E-04 TItlE' 9314. NIC' 4 NCAP' 7
IF' 84 0113' 0.55157E-05 TIM:E' 115026. NLOC' 4 HeCAP' 2
12' 85 OtIS' 0.2t19?E-03 TIMtE' 1071219. MC' 5 NCAPz 70
12' 86 DM3' 0.45.ZOE-04 TIME' 923Z6. matc' 5 HeAP' 16
ZR' 87 DM5', 0.327658-04 TIME'z 100342. NbLC' 4 HeAP' 12
ZR' 88 ONG' 0.1103ZE-04 T IME' 12I4795. NbOC' 4 HeAP' 4
ZR' 89 DM5' 0.42652E-03 TItlE' 175696. NOC' 5 H~CAP' 157
12' 90 0: *5' 0.30041E-04. TIME'z 

9
423-4. HIOC'= 4 tIAR' tI

IF' 91 DM'= P 32653E-04 TIlE' QSSl . NIOC' 3 tICAM" 1 1
IA' 92 DM5'z 0 :83128E-05 T IME l0',= 6921. 111C 4 4CAr' z i
IP' 03 0r1:3' 0 .32-65a1-04 TIME: t1147o3. t111c' 6 tCAP' 12
ZR' 94 0(13' 0.11031E-04 TItME= 103933. tiLC' 4 IICAPt 4
IF' 95 OtIS' 0.S'1S62E-05 TI ME' 100130. NLC' 6 NeAP' 3
IF' 46 WIG' 0.5*44c;;t-O4 TIME' 106367. NIC' 4 tHeAP' 20
12' 97 01:3'z 0.4936oE-04 TIME'= 92065. NLCC' 3 JCAP' 18
ZR' 93 01:3' 0.517228E-04 TIME' 100610. NLOC' 5 HeAP' 19
1R'= 99 0M!G' 0.51735,E-04 TIME' 95597, 141C' 5 NIC %P 19
IZ 100 DM5'= 0.21616E-04 TIM1E' 14432-4. NbOC' 4 NCAP' 8
IF' l0t DM5'= 0.19182E-04 111:E' 93092. 1,diOt' 5 MCAP: 7
12' 102 DM3'= 0.952508-04 TItlE' 94.340. N11C' 4 KCAR' 35
IF' 103 DM3'S 0.572^16E-04 TIME' 99019. IILC' 4 NeCAR' ^I
ZR' 104. DM3' 0.246168-04 TIMtE' 105662. t11CC' 4 NCAP' 9
IF: 105 0MIG' 0.137458-04 TIME' 100510. NIC' 4 NCAP' 5
IF' 106 0NG= 0.46267E-0. TIME' 110316. lILC' 4 NCAR' 17
1IR' 107 0MG' 0. 10949E-04s TIME' 93633. 141OC 3 HeAP' 4
IR' 108 011G' 0.57140E8-04i TIME' 96q44 . NC' 5 NeAR' Z I
ZR' 109 0M:G' 0.55080E-05 TIME' 94746. NICC' 4 Ne.\R' 2
ZR' 1t0 0MG' 0.10178E-04 TIME' 1121766. IILOC' S NCAR' 3
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IR=:;II 0MG= 0.82385E-05 TIME= 105658. NLOC: 4 NCAP=
IRz 12 DMG: 0.57134E-04 TIME= 125612. HNbC= 4 tiCAP= 21
IR: 113 0113: 0.13830E-04 TIME= 118934. tHbOC= 5 PICAP= 5
IR= 114 0MG= 0.25461E-04 TIME= 102831. JIOC= 5 NCAP= 8
IR: 115 DMG= 0.126

9
5E-04 TlfME: 887t0. t1OC= 5 ?JCAP= 4

IP: 116 DM6: 0.28C60E-04 TlrnE: 89591. UIOC= 5 NCAP: 9
IF: 117 Dtl3: 0.13G'E6E-03 TIMIE: 101314. PILOC= 5 NCAP= SI
IR: 118 0113: 0.679I&E-04 TIME= 942134. 1NIOC= 5 NC AP= 25
IF: 119 0113: 0.67966E-04 TIME= 95149. IILOC= 9 NCAF: 25
IF: 120 0M:G= 0.13666E-04 TIME= 87880O. IJLC: 3 NCAP= 5
IF: 121 DI!3: 0.16450E-06 TIMIE: 104915. HLlC: 4 NCAP: 0
IF: 22 DM3: 0.4B993E-04 T IME:= 186120. NIOC= 3 tICAP= I8
IF: 123 WIG= 0.559S0E-05 TINE:= 93083. NOC: 5 N4P= 2
IF: 124 DM: 0.1918,^E-04 TIniE: 147737. NIOC= 4 NCAP= 7
IP: iZ5 DtMG= 0.82319E-07 TIME= 10Z,325. NLIOC= 4 NCAP= 0
]P= 126 ONG= 0.8,^51,^E-05 TIME= 94741. NLOC= 5 NCAP: 3
IP= 127 0MG= 0.12785E-03 TIME= l1Iq~ll. tILC 6 NCAP= 47
lp= IZ8 CrtG= 0.2t899E-04 TIM'E: 133673. t41CC: 4 tVCAPz 8
IP: 129 EM1S= 0.141,44E-03 TIME= 191582. N11C: 5 IICAP= 52,
!P= 130 DM3:= 0.1630CE-04 TIMlE= 8988,9. IILOCz 3 NC AP= 6
IP: 131 013:= 0.21734E-04 TIME= 8-R069. NIOC= 3 NCAP= 8
IP= 132 DM3: 0.eZZ52E-07 TIME= 122304. NIOC= 2 KCAp: 0
IF: 133 ONG= 0.32o83E-04 TIMIE: 102117. 1411C 4 NCAP= 12
IR= 134 DM3:= 0.1,3?3E-04 TIriE= 111448. 14LOC= 6 tCAP= 5
IF: 135 DM3:= 0.15,^30E-03 TIME= 10979^,. NIOC= 4 HCAP= 56
IF: 136 0113: 0.1,^819E-04 TIME= 89-409. NLOC= 5 1CA': 4
IF: 137 DN3= 0.2S55-E-05 T IME[ = 20565. lILOCz 5 NCAP= I
IF: 33 DM3:= 0.55157E-05 TIME= 88775. NIOC= 3 N4CAP= 2
IR: 319 0113: 0.19099E-04 TIM1E: 111647. IILac: 5 'CAP= 7
IF: 140 DMG: 0.14128qE-03 TItlE: 114668. NIOC: 7 KCAP: 52
IF: 141 DM3:= 0.9

0
56E-04 TIME: 116405. NLOC= 1 NCAP: 35

IF=: 42 Ct!G: 0.12956E-03 TIME= 107727. NIOC= 6 NCAP: 47
TV= 3 WIG= 0.Z4451E-04 TIMlE= 89894. NLOC: 3 t CAP= 9

IF: 144 DMS: 0.11114E-04 TIME: 1201q(). N11C: 5 IiCAP: 4
I R - 145 W- l. 7055E-06 TIME: f04058. U11C: 4 NCA P = 0
IF: 1.46 u.il-3I3E-04 TIM!E: 115124. N41C: 5 KC AP = 4
10: 1.4- 1. 3 47E-05 TIME: 95182. IILOC 4 11CM': 3

I? 48 .- E-04 TIM!E: 9-4239. NILOC= 5 11CA': 4
hI: 149 -- ' o,,E-04? TIM:E: 146351. IIOC= 5 HECAP= 113I: 1 ,50 P$ r. .. 5, 3t-04 TIMrE: O03S50. tLOC= 5 , ;CAP= 23
IF: 151 -0%;z 02;:7"220E-05 TIME: 91063. NLOC: 4 tiCAP= I
IF: 152 015:= 0.3 406E-04 TitlE: 101401. 1411C 5 IICAP= 13
IP: 153 DIG = 0.16465E-04 TIME: 9

,1I07. N11C: 4 IICAP: 6
IP: 154 DIIG: 0.15612E-04 TItlE: 94706. N11C: 5 NCAP= 5
IF: 155 DM3: 0.47450E-05 TIME: 95103. NLOC= 4 NCAP= I
IP: 156 0MG: 0.103,4E-03 TIME= 100329. 111C: 5 NCAP: 38
IP: 157 0M'G: 0.IZ09CE-07 TIMIE: 116588. IILOC= 4 NCAP= 0
IF: 158 0116: 0.47450E-05 TIME= 95104. H11C: 4 I:CAP:= I
-IF = 59 0MlG: 0.171l^4E-03 TIME-z 107355. 1411C 4 11CAP= 63
IP: 160 DM3:= 0.32765E-04 TIMIE: 9508". 11C: 4 11CAP= 12
IV= 161 DM3:= 0.55950E-05 TIME: 13S539. NL1C: 4 JCM': 2
IP: 162 0MlG: 0.1,^513E-03 TItlE: 109774. NLOaC: 4 NCAP= 46
IF: 163 0MG: 0.24730E-03 TIMIE= 121292. IILOC 5 11CAP= 91
IF: 164 0MG: 0.70805E-04 TIME= 11,^4:6. Ilt1cC 5 HECAP= 2^6
IF: It's 0116: 0.6965SE-04 TIIIE= 118317. 141 C= 6 IJCAP: 33
IF: 66 0113: 0.81690E-05 TIME= 10t,556. HIOC= 5 NCAP= 3

IF1 67 D1M3G 0.122LSE-03 TIME: 143582. NIOC= 3 IICM': 45
IF: 168 0MIG: 0.16450E-06 TIM1E: 92036. N11C: 3 JCAP: 0
IF: 69 DIMG: 0.27,'30E-05 TIIIE= 101071. NIOC= 3 IlCAP=
IF: 170 DMG= 0.1658SE-03 TIME: 109798. tJIOC= 4 UCAPz 61
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IR' 171 DM6' 0.2881^,E- 05 TIMlE= :3:537. HIOCm 4 NC&P=

IR 7 01 .080E 4~ IE= 100899. NIOCZ 4 tICAP' 2

'R= 173 0MG' 0.54456E-05 TIMlE= 929467. NIOCz 5 NCAP' 2

ER 7 D3 .:034CE-03 TIME= 1 93314. H41c' 4 HCAP= 38
19Z 175 .13 .1901E-04 TIME= 11289D. NLOC2 S HCAP= 4
ER= 176 0113' 0.565021E-05 TIME= 1190Q6. ?IbCZ 6 1JCAP= 2
IP= 177 D!:G' 0.95174E-04 TltlE= 89576. NLbCz 5 IICAP= 35
IQ= 178 0115= 0.83147E-05 TIME= 1003Z75. NLbCz 4 IICAP= 3
IQ= 179 WIG= 0.59775E-04 TIME= 134162. PI1CC= 2 NCAP= 12
IP' 18o 0413' 0.11031E-04 11211' 96133. tit C 3 I1CAP' 4

12' 181 Dt!3 0.977.74E-04 TIME: 950q6. NL 1C 6 IICAPz 36
IP= 162 0143' 0.24676E-06 T I E'= IIES35. U41C' 5 lICAP' 0
IR= 183 ON1'= 0.274533E-04 TIMlE= 99780. NLbCz 6 NCAP= 9
IP' 184 0MlG = 0.I6C.60E-03 TIMlE' 110975. N L0~ O -- 5NAP= 62
u-z le5 VMS= 0.10,133E-03 T It:E'= 1003cO. f141C 4 fICAP 40

IR= 166 01!:3' 0.l6..71E-04 T1111' 121760. NIOC' 5 NCAP' 6
:'m 167 0D!:; 0.14594E-04 TIME= 100630. 1ILOCz 6 1CAP 4
12' 185 Cr13' O.Zs-.79E-04 TItlE' 118532. tALCCz 5 NCAP= 9
:R= 16? 01:3' O.55'z6OE-05 TIIlE' 103342. tl107' 4 11CAP: 2
lp' 193 0.".3G' 0.170OcsE-07 TIME= :07374. NL1C' 4 tICAP' 0
30' 191 DM3'z 0.93^-55E-05 TIMlE' 95105. N11C' 6 CP 11CM
ER' IQ,' 143 0.13745E-04 TIME=' 103940. NL1C' 4 NCAI'' 5
T D 193 01' t!: z 3 0,3,5E -05 TItlE' 65009. IIL1C 4 14CA'' 3
IOZ Iq4 O0MG a 0. 70717E-0.4 TIIIE' 93Z75. IIL1C 4 11CA'' 26
I2' 195 0.1!3=' Q.q4 35 0E -0 TIME= 116239. NLOC' 6 lICAPz 0
10' 106 01;3 0.137481-04 TIME= 920.45. IJL1C 3 I]CAP= 5
IR= 197 0!13= 0.627571-07 T IME'= I ̂ , sca . fl41C 2 HCAP' 0
IP' 193 Cr13' O.2l181)3E-04 TIME= 103q-'#6. tlLOC 4 tlCAPz 8
ER= 199 0.11:; 0.25050E-05 TilE' 11354Z. N11C' 3 IICAP= I
TR' Z00 DtlGz 0.,c63SE-OS TIE= II89Z7. 11CC= 5 NCAP= I
12' 701 D:!S 0.8225ZE-07 TIIlEz Q5759. IALOC= 2 NCAP= 0
!R= 702 4!:3' 0.3,1765E-04 TUE=1 94605. 1, 1C' 4 t4C' 1 = 2
IR' 703 DtM3' 0.83147E-05 T IE z 9S761. NLbCz 4 NCAP' 3
IP=' 204 ot13' 0.1 -410E-03 T11111' 89578. 141C 3 NCAPz 42

!R' 205 DM3'G 0.257ZlE-09 TIME= :097 19. U41C' 4 t4.11" 0
!P- 706 0;!s' 0 . 2 0 E-05 7141 tE 5761. 1, 107' 2 'JCM'' I
7P= 207 D t::3' 0.lII3cE-03 TIME= 11 '5-,S. N41C' 5 14CAP= 41

ER' 703 0413' 0.10171IE-04 TIt!E= 1016.32. NLOC' 5 t14C.'P 3
ER' 209 Qr1' 0.26050E-05 TIMIE= 661200. 141CC' 3 f.CAP= I
IER'1210 DH5' 0.83147E-05 TIE= IZ171. NLOC' 4 tCAP'z 3
!R' 211 D2': O.,0763E-04 TIM!E' 101371. 14LCC'= 5 I4CAP= Is
10' 212 DM3' 0.I55SE-04 T IME' - 01160. f1107' 3 14CAP' 5
10' 213 DM3'= 0.27'2l7E-05 TIME= 93.t6. N41C' 4 tICAP' I
I?= 114 011 , 0.38il1E-04 I VIE1= IO0tZ'. NL1C' 4 fICAP' 14
:R= 715 DM'= 0 .3 '# S"E -04 TIMtE'= 104031. H41C= 4 4CAP 13
19' 216 DulGz 0.11031E-04 TIME= 104604. t41CC= 4 11CAP= 4
ER' 117 Cr13' 0.l114iOE-C5 TIME'= 93536. HLC' 5 11CM'' 0

ER' 218 0113'; 0.54417E-04 T IMtE' = cI7. 111CC' 3 1c % r' 120
!P= 719 WIG=' 0. 9099;E-0.4 TIMIE' 96350. N41C' 4 1CAP 7
ER' 220 ONG=' 0.1 374SE-04 TIMIE' 103 4#0. IIL1CC 4 14CAP- 5
I9' :21 DM3'z 0.17325E-06 7111E= 10-4058. N41CC= 3 NCAP' 0
ER' C2 21 WIG' 0.1^18111-04 TIMlE' 103,68. N11CC' 4 NCAP' 6
ER' 2,13 0MG= 0.2799,'E-05 TIME' q1174. 141C' 3 NCAP' I
IP' 724 0M'G' 0.279tz0E-03 TIE' 97773. NL1C 6 4CAP 103
ER' 275 0113' 0.55161E-05 TIM!E' 110,192. t41CC' 3 14CAP' 2
E R"=. 276 Dt' 0.1033,E-03 TIME' 90,93. Ili C' 7 P1cM"= 38
1R' 227 oDM3' 0.0 TIME'= 83493. NL1C' I ICAP' 0
IR' 728 WIG= 0.653661-04i TlIE' 9Z7'41 . H41C 4 HlCAP' 24
ERz 279 DM3', 0.291781-04 TlttE' 9093:. N41C' 5VCAz 11C" I
IP' 230 W113= 0.120-#2-04 TIME' 108141. IILC' 5 ::c~
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IR= 231 0MG : .54396E-05 TIME= 91064.. NLOC= 4 UCAP:
IR= 232 0MG: .5439LRE-05 IE 109972. IJIOC: tICP
IR: 233 0MG= 0.24.676E-06 TIME= 120183. 4LCC: S tJCAP= 0
IA: 234 011: 0. 559t'OE-05 TIMlE= 1475~'.. tiLOC= 5 t4CAP:
IA: 235 0MG= 0.28812E.05 TIMtE: 95063. 1 LC: 4 NCAP= I
JP= 236 02=6 0.153:SE-04 TIME= 130218. 144IOC= 3 NCAPz 13
IP: 237 0I16: 0.111 4E-04 TIME= ,182 IJOC: 5 ICAP: 4
IR= 238 OMG = 0.,^9975E-04 T ItE = 97275. IILC: 3 IICAP: I1I
IR= 239 0MG= 0.8314.7E-05 TIME= 1330 6 0 . IIOC= 4 HCAP= 3
IR: 240 0MG= 0.7t, 6SE-04 TIME= 1 11. IILCz 6 JCAP= 28
IA: ^41 o0MG= 0.1

0
100E-04 TIInE: 11205. MIfOC: 4 IICAP= 7

IR= 2'42 01*13= 0.1 1 031E-04 TI ME:= 10;93,". fitoc: 4 IICAP= 4
IA: 243 EV113z 0.135QOE-04 TIME: 103174. fitOC: 6 tJCAP: 5
IP= 244 0t13 = 0.4.346c9E-04 TIME= 134699. tJLOC= 6 NCAP= 16
IP: 2.5S DrlS: O.,24,1.4E-07 TIME= c550,1. IJLOC: 5 NCAP= 0
IA' Z46 Dr;Gz 0.11155E-03 TIME= 103364. tlLCC 4 HCAP= 41
IA: 247 Dt!Gz O..4151E-03 TIME: 1717,4. 11LOC= 5 fICAP= I50
IP: Z248 0: 3 0.23312E-05 TIMIE: 139551. tJLOC= 4 IICAP= I
IR z 2 49 Dfl3' 0.24!l5E-04 T IME:= 90069. tAIOC= 5 MICAP= 9
1Q= 250 Dt'S' 0.517K^E-04 TIME= Q qS NL0C= 4 NCAP: 19
IP= 251 01:5' 0.e2330E-05 TIM1E: Q2732. NIOC= 4 N:CfP = 3
IP' 252 DNG' 0.I3oOCE-03 TIME: 1,^1201. tJIOC= S ICAP: 5o
IP= 253 0M:Gz 0.86947E-04 TIME= Q-2,16. IILOC= 5 14CAP: 32,
IR' 254 D;M*' 0.59550E-04 TIME: 97070. tILOC= 5 IlCAP= 2 1
IP= 255 ENlS= 0.57057E-04 T IME:= 8 7 0 45. fitOC 5 JCAp= I1
19: 256 NM3= 0.74617E-05 TIME= c5105. IJlCC 4 NC AP = 2
!P= 257 DNS=' 0.57216E-04 TIME= 05Q099. 141CC 4 NCAP: 211
IP' 258 01:3: 0.3,1765E-04 TIME= 10 01,.oI. t4OC: 4 14CAP= 12
IA: 259 DM3: 0.10,^83E-03 TIME: QC052. tJLOC= 4 IC A P 40

IA 20 !G' 0.21734E-04 TIME: 103431. N41C: 4 KCAP=
IR: 261 011G' 0.79335E-03 TIME= 168357. t, LC: 3 Nckp= 2921
IP: "62 01:3: 0.92533E-04 TIME: 0:097. 141CC: 3 14CAI': 34
1.'4- 263 DM3'z 0.95250E-04 T IME:= 92099. NIOC: 3 iNCAP= 35
10: 264 0113= 0.26S15E-05 TI ME= 1 24790. NIOC: 4 14C AP= I
19: 265 W!5=: 0. 24615E-04 TIME: 94599. W141C 4 liCAP= 9
IP: 266 0113: 0.

0
5Z50E-04 TIME= 103994. MILOC: 4 lICAP= 35

IA'26 DM:= 0.e3147E-05 T IIE: z 5761. NL1C 4 tiCAP= 3
IR= 268 D113' 0.7S32,,E.05 TIME: 115159. NIOC= 6 IICAPz 2
IR' 269 0113: 0.11632,E-03 TIME: 137308. NIOC:= 4 NCAP: 43
I7= 270 CI:' .2320 TIMIE: 9-o322 . IILOC 3 lI.CAP= 3
IP: Z271 D:'3= 0.559CDE-05 TIME= 10 34 57. N41C: 4 1 'ct

IR' 2721 ENS= 0.89615fE-04 TIMIE: Q5,29. IJLCC: 6 NCAP: 33
IA: 273 01!G= 0.5445 -E-05 TIME: 0708l7. f141CC 5 IICAP= 2
IQ= 274 0113'= 0.245lE-04 TINE: l 05f9 . ft C= 4 IlCAP= 9
IA: 275 Dt1:3: 0.273S2^E-04 TIME: 03008. N41CC: 5 IIZAP: 10
IA: 276 0MG: 0.62509E-04 TIME: e8157. IJLOC= 6 IICAP= 23
IA: Z77 0WIG= 0.ZQ635E-05 TIME: 114.191. 141OC 5 14CAP: I
IF:= 2 78 01t:: 0.73434E-04 TIME: 103114. H11C: 6 IX A P= 27
19:z ^79 ODlS: 0.8Z252E-07 7111E= 95759. IOC= 2 NCAP= 0
IA: 180 0116: 0.54417E-04 T IMlE:= 1194.37. 1NIOC:= 4 NJCAPz 20
IA: 281 WIG=' 0.46,^67E-04 TIME: 101496. tlIOC: 6 HCAP= 17
IA: 2862 0!G: 0.20963E-04 7 IME:= 107z'83. 111C: 4 IACAP: 7
IA: 283 011: 0.137;#,E-04 TIME= Q070. H11C 4 NCAP= 5
IA: 284 0MG: 0.,'7225E-05 TIME=: ~43 Z4 . IIIOC= 5 4C AP= I
IA: Z'85 0115' 0.6537-IE-04 TIME: 94150. 141CC: 4 IICAI: 24
IP: 2E6 0113:= 0.11114E-04 TIMIE= 1,^0509. lILOC= 5 PIC kP: 4
19:= 287 0113: 0.1033:E-03 TIME: 91775. 141C: 4 tIICAP= 38
IA: 288 0MG: 0.6e000E-04 TIME: 118995. N41C: 5 IICAP= Zs
IA: 289 0!!G3: 0.2189SE-04 TItlE:= 1002168. 11OC= 4 IICAP: 8
114: 290 OIIG- 0.55157E-05 TIMIE: 0576,1 IJIOC: 2 IJCAPz 2
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19= 29; 0313' 0.82252E-07 M~fE= 957S9. NbOC= 2 NCAPz
IR= 292 OIG= :.73352E-04 TIMlE= 97270. NLOC= 4 NCAP= 27
19' 293 0MG= 0.1646SE-04 TIMIE= 9,1410. 111CC= 4 HCAP= 6
12' 2;4. ONG= 0.761S7E-04. TIME= 103103. NLCC= 4 NCAP= 28
19' C95 0MG= 0.43196E-03 TIME: 129334.. IILOC= 2 NCAP= 159
19' 296 0MG' 0.81565E-05 TItlE' 103102. NLOC' 6 tJCAP= 3
39' 297 DMS: 0.73516E-04 TIME= 943,18. NIOC: 4 NCAP= ~7
19' 2Q3 WIG= 0.11031E-04 TIME= 920..3. NLOC: 3 NCAP= 4
39' 299 0113' 0.35-.8ZE-04 TIME= 103012. NIOC= 5 HCAP= 13
19' 300 Dt' 0.64-,333E-04 TIMlE= 103957. t4LOC= 4 UCAPz 31
IP' 301 O11lS: 0.454c6E-04 TIMlE= 103915. HIOC= 5 NCAP= 16
39' 302 D.". 3 0.IlO3lE-04 T IME: = 103933. ULOC' 4 HCAP' 4
IP= 303 0;:G= 0.,5877^E-09 TIME= 80674. t131C 4 IICAP= 0
39: 3 04 DM3 z 0. 300,'4E-04 TIME= 10,2945. H41CC: 4 IICAPz if
IP = 305 C 1 -- 0.83150E-05 TIME= 13,2001. tIC: 5 NCAPz 3
IQ= 306 DM5'; 0.20283E-05 TIMIE' 101970. tILOC' 5 HCAPz 0
IQ= 3,07 DM!5= 0.16.'65E-04 TIME= 100318. NLOC' 4 NCAP' 6
I F' 308 D; G = 0.l0,0-.E-03 TIME= 99,35. NLOCz 5 UCAPz 39
IP: 309 DM5'; 0.59)33E-0'4 TIM:E' 103971. NIC' 4 l:CAP' I'l
19' 310 DM5'= 0.92375E-04 TIME'= 101216. 131CC= 5 UCAP= 34
12' 311 DM5'7, 0.13666E-04 TIME= 94937. NIOC' 4 NCAP= 5
IP= 312 DM: 0.1018^E-04 TIM!E: 100100. ULOC' 5 NCAP' 7
IP= 313 DM5'= 0.13746E-04 TIHE: 1011,^6. MLOC= 6 14CM"= 5
I1J' 314 DM5' 0.65132oE-05 TIM'E: 95365. NLOlC: 6 1CAP I
I1P.: 315 DM5'z 0.15765E-03 TIME; 9,2675. HLOC= 4 1CAP 58
12: 316 DM5!Z: 0.30895E-04 TIME= 93331. NL1C' 5 f1CAM" t0
19' 317 DM3:, 0.27990E-05 TIME= 104545. 141OC 3 14CAP= I
IR= 318 DI' 0.55160E-05 TIME= 88904. NL1C: 3 14CAP= 2
19: 319 0M!G: 0.9',603E-04 TIMEz 93157. H41C: 6 1CAP 36
19: 320 ONG= 0.4363ZE-04 TIME: 93034.. NL1C: 4 NCAP' 16
12: 3R1 WIG= 0.23050E-05 TIMtE= , 05993. 131OC 4 IICAP= I
19' 322 DMS= 0.83147E-05 TVIE 95066. NLOC: 4 14CA': 3
19' 323 0MG= 0.27 90E-05 TIME: Q576 1. 1431C 2 fiCAP= I
19' 374 D01: 0.27337E-04 TIME= 98194. H41C' 4 1CAP to
19' 325 0MG:= 0.I1352-4E-04 TIME:= 93426. NLOC' 4 t4CM': 5
19' 326 DM:z 0. 135,1.,E-04 TIMtE' 98930.o M 4LOC= 4 HCAP= 5
!P= 327 DM5', 0.16465E-04 TIME= 10 3" .6. NLOC' 4 14CAP 6
IF' 3Z3 DM': 0.19460E-05 TIME: 93536. NL1CC' 5 HCAP= 0
12' 379 pti5' 0.773KE-04 T IME:= l03Q'i. t131CC 4 14C-NP 10
19: 330 DM5'= 0.Z31IIE-05 TIME= 99771. N31CC' 5 14CAP: I
12' 331 SMG' 0.10172E-016 TIME: 931,6. N41CC' 5 fICAP: 3
I1P.' 332 DtM = 0.29eC84E-04 TIME= 91503. H41C' 4 N3CM' kP
19' 333 DM5: 0.790E-05 T IME = 95761. titLOC'= 2 tICAP' I
19' 33.. DIIG: 0.83147E-05 TIME: 95647. NL1C= 4 1CAP 3
12' 335 0M!G= 0.55930)E-05 TIME: 11$055. tiiCC' 4 HCAP= 2
19: 33-6 0mG' 0.82252E-07 TIM1E' 95759. 14LOC' 2 NCAP: 0
IF' 337 0MG= 0.11031E-0. TIME: 945'30. NL1C' 4 NCAP= 4
12' 338 WIG= 0,78791E-04 TIME= 06473. tilOCz 3 HCAP= 29

-IF' 339 0MG= 0.63060E-03 TIM!E' 91594. 141c' 4 14CAP: 0
19' 340 0MG= 0.10949E-04 TIME' 90600. HL1C' 3 NCAP= 4
19: 341 0MGZ 0.I0533E-03 TIME= 93169. NL1C' 5 14CAP: 73
IF: 342 DMG3: 0.28817E-05 TIME'= 120,^03. PIL1CCz 5 HCAP' I
39' 34.3 Ot113: O.8,72S.-07 TIME= 07371. NLOC' 3 1CAP 0
19' 344 0MG' 0.1374SE-04 TIMIE: 103039. HLOC: 4 14CAP= 5
12' 345 0M!G' 0.70644E-04 TIME= 1518,4. IIIOC:- 2 NCAP' 26
19' 346 DMS' 0.1630:E-04 TIME= 90943. 141. CC' 4 t4CAP= 6

-IP= 347 0MG' 0.1i46ZE-05 TIME' 891951 . Nt1C' 4 K CM" 0
IF' 348 0MG' O.78812E-05 T7lE:= 1477726. tit C: 4 14CAP: I
19' 349 0MG' 0.95174E-04 TIME= 10,4318. NIOC' S NCAP: 35
19: 350 0MG' 0.76074E-04 TIME: 89679. NLOC' 5 -CA 118
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IA: 351 016 : .;6'.65E-04 TIME= 109701. NIOC= 4 NCAP=
IA: 352 0MG= 0.7q617E-05 TIME= 147364. NIOCz 5 IICAP= 2
IR= 353 VMG= 0.19182E-04 TIME= 93092. 14LOCc 5 IICAPZ 7
IA: 354 0MG= O.559S0E-05 TIME= 95065. IILOCC 4 ttCAPz 2
IR= 355 ODiG= O.23050E-05 TIME: 89632. NLOC: 5 IJCAP= I
IA: 356 0MG: 0.24.842E-07 TIMlE: 97487. IILOCc 6 1ICAP= 0
IQ= 357 0MG:= 0.27228E-05 TIMlE= 01063. tl11CC 4 PICAP=
IP: 358 LCr;G= 0.35,48,^E-04. TIMlE= 100344. 111OCC 4 IJCAP= 13
3P: 359 0M!G= 0.55:50E-03 TIMlE= 1.7195. IJLOC= 3 IJCAP= 203
IA: 360 D I Gm 0.36 33E-03 TItlE: 96314. tILOC: 8 IICAP= 133
IA: 351 0;!: 0.154C,5E-03 T fIME:= 832 30. H41CC: 3 N.CAP= 57
IA: 362 D 15=: 0. 6454E-03 TIME= 1 50Q62. NIOC= Z t CAP= 1 71
IA: 363 0113= 0.10373E-04 TIME: 106055. tlt1C 5 MC AP= 4
1P= 36'4 0113 0.27993E-05 TIME= 96148. N41CC: 3 iJCAP: I
IP= 3t,5 WIG= 0.27332E-04 TIME= 917,q. 111CC: 4. ICAP= to
IA: 366 0113= 0.21l9SE-04 TltlE: 113300. N41CC: 4 14CAP= 8
IA: 367 Dr*= 0.L83147E-05 TIMIE= Q30SS. N11CC: 5 tICAP: 3
IR= 368 0MG:S 0.1103iE-04 TIME: 95066. t4liCC 4 IICAP: 4
IA' 369 DM3:= 0.5515SE-05 TIME: Q3140. IR1C: 4 MCAP: 2
!P= 370 0.-S 0.114,'7E-03 TIME: 954.31. tNbC: 4 NCAP= 41,
IP' 371 OHS= 0.2461SE-0i TIIlE= 95077. N11C: 4 NCAP= 9
IP' 372 ODlS: 0.1918ZE-04 TIMlE: 1039.'4. U11C' 4 t.CAP= 7
IA: 373 0DM3= 0.~5502E-05 T IME: 1,247Q2. MIOC= 4 MCAP: 2
IP: 374 0MG= 0.1911CE-04 TIME: 124329. t111C 5 tMCAP: 7
IR: 375 O.':S 0.19,460E-05 TIME: Q3536. tit CC= 5 t4CAP= 0
3P= 376 V.",G= 0. 83147E-05 TI ME= 95066. U41CC: 4 t4CAP= 3
IF= 377 DM: 0.55930E-05 TIMIE: 05760. NLOC= 4 tMIAP= 2
IR: 378 ONG=' 0.1169SE-03 TIMlE: 10q768. IILOC= 4 14CAP= 43
IR= 379 0;!'.= 0.27990E-05 TIMIE: 91708. t111CC 4 ICAIP= I
IA' 330 DIG= 0.16333E-C4 TI ME= 90604. 1 1CC: 3 IICAP= 6
IA: 351 0mG= 0.216539E-04 TIME: 11397S. 1411C 5 IICAP= 9
IP= 352 DMG= 0.103-'6E-03 TIME: 90056. f11cc= 8 IICAP= 33
IR' 363 IMG:= 0. ,5758E- o3 TI ME:= 89905. 111C: 4 IICAP: 58
IA: 384 0MG: 0.10604E-03 TIME= 98349. 111C: 4 HCAP= 39
IR' 385 DMG: 0.48953E-04 TIME: 146933. NL1C: 6 NCAP= 18
IA' 386 0MG= 0.Z9635E-05 TIIE:= 115179. UL1C: 5 NCAP= I
iP: 387 CMG= 0.16450E-06 TIME: 96131. H11C: 3 11CAP= 0
IA: 358 DM'3: 0.41E850E-04 TIME= 95568. 111OC 6 NCAP= 14
IA' 389 0MlG: 0.95ltOCE-04 TIMlE: 106399. NL1C: 4 tlCAP= 35
IA: 3c3 0MIG= 0.1ES73E-05 TIIIE: 100674. 141C: 5 IlCAPZ I
IR= 391 0Of:', 0.83147E-05 TitlEz 01508. N11C: 5 t4CAP= 3
IA' 392 DNS= 0.2461SE-04 TIME: 103943. N11C: 4 IlCAP= 9
IA: 393 0MG= 0.8830E-07 TIME: 87093. ULOC: 3 IICAP= 0
IA: 394 IS: 0.16'#65E-04 TIME= 145754. U11C: 5 NCAP: 6
IA: 395 0MG'S 0.56802E-05 TIME: 120505. H41C: 5 tMCAP= I

IA: 396 0MG: 0.40915E-04 TIMlE= 10395S. NL1C: 4 IICAP= 15
!P= 397 0M!G= 0.,1SIIE-OS TIMlE= 101983. NL1C: S ICAP=: I
IA: 398 0MG: 0.8C15CE-07 TIMIE= 95759. H41C: 2 NCAP= 0

- IA: 399 WIG= 0.S7057E-04 TIME: 93586. 111C: 6 fiCAP= "I
IA: 400 0MG= 0.6045SE-08 TIMlE= 1000,^. 111C: 3 IICAP= 0
IR= 401 WIG= 0.11960E-04 TIME: Q5695. H11C: 5 "CAP= 3
IA: 402 0126: O.SS980E-OS TIME= 95065. N41C: 4 18CAPa 2
IA: 403 0MGz O.1646SE-04 TIME: 93495. N11C: 4 tJAP% 6
IA: 404 0116: O.823:SE-05 TIME: 93461 . U11C: 4 tICAP: 3
IA: 405 ODlS: 0.74617E-05 TIIIE: 1134,^5. U11C: S 14APa 2
IA: 406 ODlS: 0.10333E-03 TIME: 94194. NL1C: 5 NCAP2 38

- Rz 407 0MG: 0.,^7:56E-04 TIME= 115175. N41C: 5 NCAP2 to
IA: 408 0MIG: 0.46165E-04 TIMlE: 906,12. H11C: 5 tICAP= 17
IA: 409 0115: 0.70717E-04 TIIIE= 103345. 111C: 4 1lCAP= 26
IA: 410 WIlG= 0.28O12E-05 TIME= 92037. 111OC 3 NCAPZ I
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IR
= 

41: :MG
= 
:.82252E-07 TIME= 9S759. NLOC: 2 NCAP=

IR: 42 M:G= 0.10060E-03 TIME: 135688. NLOC: 5 NCAP: 37
IR= 413 OMG= 0.16,:50E-06 TIME= 137277. NLOCz 4 NCAP: 0
IR= *14 04: 0.491O8.E-04 TIME: 94669. NLOC: 5 NCAP= 7
IR= 415 DMG= 0.73795E-05 TItlE= 88303. NLOCz 4 tlCAP= 2
IR= 416 D3= O.:'888E-05 TItlE= 97907. NLOC: 5 tAP= I
I: 417 0MG: . 14670E-03 TIME: 93665. tLOC: 6 ftCAP: 54
I= 418 DII:= 0.1196,^E-03 TitlE= 92406. NLOC: S ICAP= 44
IR= 419 DOM= 0.54417E-04 TIME= 93742. NLOC= S NCAP= 20
IR= 420 O:= 0.55956E-05 TIME: 99890. NLOCz 4 NCAP= 2
IR= 4.21 Or'G= 0.81818E-05 TIME= 92Z58. NLOC= 6 NCAP= 3
IR= 422 0MG= 0.17055E-06 TIME= 112958. NLOC= 5 NCAP= 0
IR= 423 DM3= 0.8225CE-07 TItlE: 95759. NLOC= 2 hCAP= 0
I.= '24 t!G= 0.55930E-05 TIME: 104066. NLOC

=  
5 HICAP= 2

IW: 4,25 0ti: 0.3,60fE-04 TilME: 144794. NLOC
=  

3 NCAPz 12
IR= 426 0MG: 0.164SOE-06 TIME= 113312. 4LOC

=  
4 NCAP= 0

IP: 427 OIL1: 0.7',621E-05 TIME= 8r023. NtOC= 5 NCAP= 2
IR: 428 0tiI= 0.35324E-04, TIME= 136763. NLOC= 5 NCAP= 13
IP: .,^9 DtS: O.ZZ.R9E-03 TIE: 105Z15. NLOC= 4 tJCAP= 84
IR: 430 DS

= 
0.27169E-05 TIME= 1173Z3. ULLOC

=  
5 MCAP= I

IR: 4,31 0111= 0.82,^52E-07 TIME= 95759. NLOC= 2 NCAP= 0
IR= 4*32 O:S= 0.27256E-0'. TitlE= 97717. NLOC

=  
5 MCAP= 10

I9= '33 Or3:= 0.13353E-04 TItlE= 116677. NLOC= 6 MCAP= 5
I9= 4,34 DtG: 0.4033qE-0. TIME= 90-10. NLOC= 5 CAP= 15
IR: 4+35 01:= 0.20664*E-03 TIME= 1:0303. NLOC

=  
5 NCAP= 76

IR= 436 D:S= 0.6048E-08 TIME: 142180. NLOC
=  

3 HCAP: 0
IR= 437 01:3= 0.16450E-06 TIMtE: 94742. NLOC= 4 tCAP= 0
I= 433 MG: 0.11427E-03 TIME: 114506. NLOC= 5 NCAP= 42'
IR= 4.39 OtlM

= 
0.83970E-05 TItlE= 118930. NLOC= 5 NCAP= 3

IR= 40 orgS= 0.10178E-04 TIME= 95107. NLOC: 4. NCAP
=  3

IR= 441 DMG= 0.ZI734E-04 TIME= 103356. ILOC= 3 MCAP= 8
IR= 42 OtiS= 0.16465E-04 TIME= ff0810. NLOC: 5 tICAP= 6
I= 43 D:G= 0.65284E-04 TIME= 118409. NLOC= 5 NCAP= 24
IR= 4.44 0G: 0.27174E-04. TIMlE= 134141. LOC= 2 tCAP= 10
IR= '45 DG: 0.65ZIeE-0. TIME= 88703. NtOC= 4 NCAP= 24
IR= 446 DM,: 0.83147E-05 TIME= 94748. ULOC: 4 tCAP= 3
IR= 447 OTIG: 0.6791SE-0;* TIME= 93675. MLOC= 5 NCAP: 25
IR= 448 0113= 0.40S33E-04. TIME= 95654. NLC= 4 NCAP= 15
I= 4,49 Dtl'

= 
0.15.60E-04 TItE= 100678. NLOC= 5 NCAP= 5

1p: ',50 DM3: 0.823ZEE-05 TItE: 96152. NLOC: 3 NCAP= 3
IQ- 451 DM

= 
0.16471E-04 TitlE= 90834. NLOC= 6 tCAP= 6

Ihr 41;2 0MOG: 0.55160E-05 TIME= 99351. tLCC= 3 UCAP= 2
IR- 453 0G:I .10 9E-0'0 TIME= 90484. ILOC= 3 NCAP= 4
IR= 454 t'.G= 0.46355E-04 TIME: 106699. LOC

=  
5 tICAP: 17

IR= 455 WIG: 0.10332E-03 TIME: 99858. tILOC= 6 NCAP: 38
IR= 456 DMG= 0.57216E-04 TIME: 105683. NLOC: 4 HCAP= 21
I= 457 DMG= 0.67155E-10 TIME: 111808. NLOC

=  
3 NCAPz 0

I9= 458 DMGz 0.35199E-04 TIME: 103,92. NLSC= 4 HCAP: 14
-I9= 459 DMG= 0.21740E-04 TIME= 100911. tLOC= 7 NCAP: 8
I= 460 DMG= 0.82C52E-07 TIME: 95759. NLOC= 2 NCAP: *
IR= 461 D:G: 0.13772E-03 TIME: 90976. MLOC: S tiCAP: so
IR

= 
462 OtI:G *.2717sE-05 TItlE= 106341. ILOC: 6 N APm I

19: 463 0TIS: 0.19099E-04 TIME: 97738. NILC: 3 NCAP: 7
IR: 464 OtiS: 0.12813E-04 TIME= 88307. NLOC= 4 NCAP% 4
IR= 46S las 0.97967E-04 TIME: 113012. NLOC: S NCAP% 36

IR: 466 0,1.: 0.11031E-04 TItlE: 93491. 1LOC= 4 NCAPz 4
-I: 467 01lG= 8.13830E-04 TIME= 120192. ILOC

=  5 NCAP: S
IR= 468 DMG: 0.20104E-03 TIME= 129180. MlLOC 2 NICAP: 74
IR

= 
469 0MG

= 
0.13672E-04 TItlE= 103841. 1tLOC= 5 CAP= S

IR= 470 0MG= 0.28812E-05 TIME= 94585. ','LOC
=  

4 NCA: I
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I:= 47: 0MGz 0.83970E-05 TIMlE= 11784S. 1IIOC= 5 ICAP=
IA =472 0MG= 0.2189SE-04 TItlEz 94757. I4LOC= 4. ICAP= 8
IA lz= 73 01:6: O.2e81E-05 TIME= 934.86. NLOC: 4 NCAP:
JR:= 474 0MG: 0.1646SE-04 TIME= 115824.. t4LOC= S #CAP= 6
19: 475 0MG= 0.29635E-O5 TIMEz 115295. NLOC= 5 tXAPz I
IA: 4.76 DMG: 0.83147E-OS TIME: 103937. NIOC: 4. 14CAP: 3
19' 4.77 0116: 0.4091SE-04 TIME: 1034.80. IJIOC= 4 IICAP= Is
IR: 478 WMG= 0.4C615E-04 TIME= 90280O. IIIOC= 3 14C6.P= is
IR= 479 0116: 0.831'.7E-05 TIMlE: 113318. N41C: 4 IICAP= 3
IR- 460 0WIG= 0.544.99E-04 TIME= 109321. 14LiC: 5 NCkP= 20
19: 4.51 DM6: 0.0 TIMlE= 83493. 141OC I NCAP= 0
19: 4.82 DMS: 0.2189SE-04 TIMIE: 93499. 14IOC= 4 I4CAP= 8
19: 483 0116' 0.21045E-04 TIME: 100873. tl1CC= 4 UCAP= 7
IR- 484 DrG = 0.lO0o0E-03 TIMIE= 96936. 14bC= 5 NCAP= 37
IP= 4t-5 Dt!Gz 0.40D33E-04 TIME: 95652. IILOC= 5 IICAP= 15
IF' 4E6 01'G= 0.5-439SE-05 TIME: 91901. MLOC: 5 NCAP= 2
IP' 487 0:!G= 0.1374,'E-04 TIME: 121787. 141OC 5 IICAP= 5
Ip= '.83 DM6' 0.81590E-04 TIME= 96990. NLOC= 6 IICAP= 30
IP: 459 ONG= 0.11031E-04 TIME= 03491. 111C: 4 14CAP' 4
19: 4Q0 01'G= 0.10068E-03 TIME= 120536. tJIC: 7 IJCAP= 37
19' 491 01:G= 0.1017S6-04 TIME: 95f07. 141CC: 4 t,1CAP= 3
R= 4.92 0WIG= 0.13049E-03 TIME: 94193. 14L1C 4 NCAP: 48

IR: 493 DI16: 0.19i05E-04 TIMlE= 106834. MIOCz 6 IICAP= 7
19: 494. 01*G= 0.04'CE-0 TIME: 904S4.. N41C: 3 t.CAP= 4
IR: 4.05 01:= 0.191C826-0 TIMlE: 103944. H11C' 4 IICAP= 7
19: 496 0:16' 0.1201;E-07 TIMlE= 11443-5. NLOC' 5 HCAP= 0
IR: 497 CmG= 0.70717E-04 TIMlE: 100160. H41C: 4 HCAP= 26
IP: 498 0WI6= 0.54499E-04 TIME: 109073. t111C 5 I4CAP= Z 0
19: 499 DIIG= 0.16465E-04 TI ME= 934'35. H41C: 4 t4CAP= 6
19: 500 0116: 0.10060E-03 TIME: 102142. H41C: 5 'JCAP= 37
19: 501 0146: 0.43556E-04 TIM1E: 99817. 141C: 6 NCAP= 16
19' 502 0113= 0.13749E-04 TIME: 99418. NLOC: 4 NCAP= 5
IR= 503 0M!G: 0.16'.57E-06 TIME: 88453. NLOC: 4 ICAP: 0
IA: 504 0116' 0.6Z579E-04 TlIE: 101082. NL1C: 5 14CAP= 23
19: 5O5 ONG= 0.25537E-03 TIMlE: 16512". f1tDC=: 3 NCAP= 94
19: 506 DMG: 0.4.6197E-04 TIMIE: 94066. 141OC 7 NCAP= 17
19: 507 NIS= 0.12825E-04 TIMIE: 108828. 141C: 6 IICAP: 4
IR= 508 Of:'.S 0.279916-05 TINlE= 101849. U41C: 4 l4CAP= I
19' 509 L~t: 0.8314.7E-05 TIMlE: 9:40.. N41C 4 NCAP= 3
19: 510 011'= 0.1It',S2E-03 TItlE: 148002. H41C: 5 HCAP: 44
19' 511 0116: 0.4.66,7E-05 TIME: 93538. 141C: 5 I4CAP: I
IR= 512 0113' 0.5580OE-OS5 TIME: 87732. 141OC 4 NCAP= 2
19: 513 OH1S= 0.8Z2,52E-07 TIME: Q5759. HL1C: 2 14CAP' 0
19' 514 01':3: 0.18203E-03 TIM.E: 99427. 111C: 9 tICAP= 67
IA: 515 0113' 0.65Z01E-04 TIMlE= 110105. M11C: 7 tJCAP= 24
19: 516 0MG: 0.11031E-04 TIME: 103933. 14LOC= 4 NCAP= 4
IPA' 517 0MG: 0.48907E-04 TIME: 11C292. N41C: 6 NCAP= 18
19: 518 DM6:= 0.C37626 -04 TIME: 103000. NL1C: 5 NCAP: 8

-19' S19 DMG: 0.60'.8fE-08 TIME: 10S5'. NL1C: 5 14CAP= 0
IA: 520 0MG: 0.35342E-04 TIMlE= 92110. 141C: 8 IICAP= 13
13: 521 0113: 0.76151[-04 T111E= 93,.,81. 111C: 3 14CAP: 28
IxE S22 0815= 0.3S4.2E-04 TIME: 95085. 141C: 4 1ICAP= 13
lax 523 OIIG: 0.83147E-05 TIME: 101955. 141C: 5 tACAP: 3
13: 5N 0112' 0.9:3756-04 TIME: 90504. UL1C: 7 tXAPz 34
ZR: 523 0116' 0.4Z779E-04 TIME: 106303. N41C: 4 HEAP: 1s
13: 5:6 OIG' 0.55160E-05 TIME: 99351. 141C 3 IXAP: 2

-IA: 527 0116: 0.137'.GE-04 TltlE: 95765. 14L1C 4 )XAP: 5
IA' 528 0M;G' 0.55157E-05 TIME: Q5762. 1410C= 2 ?,CAPz 2
19' 529 0MG: 0.,^7991E-05 TIMlE= 90795. 141CC: 4 HCAP* I
19: 530 01I6= 0.152,^:E-03 TIME: 88834. 141OC 4 14CAP= 56

71



NWC TP 6305

Table 5 (Contd.)

1:= 531 0MG= 0.1290tE-04. TIME= 109823. NLOCa 6 NCAP=
I = 532 0MG: 0.40833E-04 TIME= 133619. NIoc: 6 ICAP= i5
Ip:= 533 0116: 0.*1:69:E- 03 Tztlt= 88063. NLOCZ 6 "ICAP= 46
IP z 534 0125: 0-1,453-,E-04 TIME= 94.626. NLOC= S NC:APz 9
IP: 535 01 0.70636E-04 TItlE: 88608. NLOC= 4 NCAP= 26
IF= 536 0115:= 0.1374SE-04 TIME= 95070. NLOC: 4 NCAP: 5
IP: 537 DM3: 0.e3970E-05 TIME= 120188. tltOC= 5 HCAP= 3
37:= 535 0113: 0.660S53E-05 T IME:= 114S70. 14LiC: 5 NCAP= I
IP: 539 OMG- O.2^1835E-04 TIME= 101892. NLOC: 6 NCAP= 8
IP: 540 011:^ 0.40

9
15E-04 TIME= 109239. NIOC= 4 NCAP= Is

IF= 541 ON5= 0.2e5I2E-O5 TIMEz 98320. I21CC: 5 NCAP= I
lc= 542 0113: 0.32532E-09 TIME= 90097. 111CC= 4 NCAP: 0
Ic= 543 011: 0.35330E-04. TIME= 91257. NLOC= 5 NCAP= 13
I;: 544. Ot'.:; 0.82125ZE-07 TIME: 9S759. 14102: 2 IlCAP= 0
IS: 5'.5 0113z 0.27355E-05 TIN1E= 91754. 11102: 5 KIAP= I
I== 546 0116: 0.55(;30E-05 TIME: 95065. 11102: 4 tICAP:
It: =547 0113: 0.1'.671E-03 TIME: 9319S. H11C: 7 WIAY= 54
IF: 548 011:= 0.62..35E-04 TIME: 116383. NLOC: I IICoP= 23
IZ: 549 DIG= 0.173,eE-03 TIME: 9 3 5 . 11102: 6 IiCAP: 64.
I;: =550 0113: 0...7577E-05 TIMlE= qo.06. NLOCC: 5 flCAp= I
I ,z; 551 0il1,= 0.23q(02E-03 TIMEz 16,1995. Nt 1C 4 NCAP: 8
I=: 552 0113= 0.55930E-05 TEIME: = 5759. NLOC: 4 UCAPz Z
I== 553 0113: 0. 5 -5, -E -05 T IME= 83 ,6 3. UIOC= 4. HCAP= .
IW: 554 011s= 0.,^553;E-03 TIME= 130.3. 1410C z 6 ?ICAP: 9..
1-- 555 0113= 0.55157E-05 TIME= 109739. 121C= 3 tJCAP= 2
10= 556 0!S3z 0.4.3633E-04 TIME= 1102. ILOCZ S HCAP= 16
IR= 557 01130 0.16401E-04 TIME: 105441I. 11LiC: 5 HCAPz 6
I~z 553 0113,z 0.4$901E-04 TIME: 100557. tf102: 4 14CAP= i8

1== 559 D2=3 0.;6547E-04 TIME: 12^051Z2. 11102: 5 NCAP= 6

!: 550 D1::= 0. 6465E-04 TIME: 92410. N11C: 4 IICAP= 6
3I: 561 0113: 0.61E821E-03 TIME: 116670. 11102: 5 11CAP= 0
13= 562 0115: 0.(4634cE-04 TIME: 104771. 11102: 4 UCAP= 17
3:= 563 Of!--= 0.70641E-04 TIME: 957,42. NIOCC: 4 11CAP= 26
IP= 564 0113: 0.4363,'E-04. TIME: 94611. 111OCC 4 NCAP= 16
10: 565 01:3:- 0.8Z25^E-07 TIME: 117591. t111c 3 NCAr= 0
Iz= 5o6 0113: 0.eZ252E-07 TIME: 12230.. N11C: 2 ticAP= 0
I== 567 0113G:- 0.3,'03,;E-04 TrtlE: 03516. 11102 4 tiCAP= 14
IR: 568 D:IG: 0.19061E-04 TIME: 100334. HL1CC a VCAp: 7

S59 0113: 0.55130E-05 TIMlE= 911Z. 111CCr 4 NCAP= 2
::570 0'!G3- .357-03 TE: 02193. t111CC 3 N-4p: 8

17z 571 0113:- 0.57140E-04 TIME: lIq:03. ?il. CC= S Hj~p= 2 1
!== 572 DM3z 0.Z0cb3E-04 T IiE:= 0943b. 11102: 4 tICAP: 7
lz: 573 0113: 0.55030E-05 TIMlE: 95065. NL1CC= 4 tlC&P: Z
3~z 574 0MG: 0.10 03E -03 T1iME: 90830. 121CC: 6 NCAP= 39
: 51 0113:l.G 0.21599E-04 TItlE: 99001. NIOC: 4 11CAP: 8

IQ= 576 0115: 0.10197E-04 TItlE: 105.^91. I1102: 5 tICAP= 3
IP: 577 0MlG: 0.822521-07 lIMEm 93631. I921C 3 IlCAP-- 0
1: 578 011: 0..193l-04 11111: 121211. IAL1CC 5 HCAPz 8
., z9 57% DrG- 0.0 IM z 00(00. NIOC: 6 PICAP-- 0
IA: 560 0216: 0.111391-03 TItlE: 121.601. 111C: 6 lEAP: 41
19: 58f 0MG: 0.82509E-07 TItlE: 87693. tJIOC: S "CAP* S
19: = 8 0MGOHS 0.3319QE-O4 TIl9Ez 44608. tit CCz 4 IlEAP2 14
39: SO3 0114m 0.29596E-04 TIME: 10Ob75. NLOC: 7 ICAP2 11
:c= 584 01134 0.135061-04 TIMlE: 98304. I2LOCC 6 NAPx 5
!7= 58S 0113: 0.83147E-05 TItlE: 111741. N11C: 4 NCAP% 3
lp: 585 0116: 0.S4499E-04 TIME: 95097. 11102: 4 HlEAP% 20

- :Q: 587 0116: 0.6048SE-03 TIMlE= 142180. NLOCC: 3 "CAP-- 0
:p: 585 Will,: 0.182111-03 TIME= 119499. tLOC: S NCAPz 6?
;0= 569 DM3:z 0.19182E-04 TIME: 94595. tA10Cz 4 11CAPz 7
17: 590 0MG: 0.103C4E-03 TIME: 186337. N11C: 5 KIIC=

0  
3$
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OR= 591 0116: 0.16'.7IE-04 TIMlE= 112534.. NLOCm 5 NCAPu z
OR: 592 0116: 0.3,1766E-04 TItlE= 118159. N41.CX 4 I4CAPX 12
OR= 593 0MIG= 0.48933E-04 TIIlE= 93,136. ISLOCz S NEAP= 18
ORz 504. D!G: 0.164.0IE-04 TIflE: 111664. NLOCz 6 NCAPX 6
OR= 595 011$: 0.1 374SE-04 TitlE: 01564. NLaOCm 4 ##CAP= 5
ORz 596 011$: 0.82511E-07 TItlE= 130304. NLOC= 4 #ICAP= 0
OR= 597 0113: 0.24451E-03 TIME= 116504. 14IOC= 1 t4CAP: 90
OR= 508 0113: 0-117-40E-04 TItlE: 05670. 111CC= 4 JCIIP= 8
IR= 599 011$: O0.4 0834E- 04 TIflEz- 94776. ULOC: 4 14CAP= 1I5
OR: 600 DtIG= 0.27ZZSE-OS TIIlE= 91063. 141OC 4 14CAP= I
OR: 601 0113: 0.l6.i65E-04 TltlE: 1039..2. II11C 4 MJCAP= 6
OR: 602 DM3:G 0.137'.EE-04 TIME= 9,52. 111OC= 5 NCAP= 5
OR: 603 0113: 0.27256E-04 TIMlE= 97717. UNbC= 5 MjCAP= to
OR= 60'. DMS: 0.8314.7E-05 TItIE: 89300O. ULbC= 4 IAC&P= 3
OR: 605 D:.G= 0.12977E-04 TIIIE= 120549. 111OC 5 14CAP: 4
ORz 606 ONG=: 0.1096SE-04 TOME= 87763. NLOC= 4 tJCAP= 4
OR: 607 0113: 0.62252E-07 TIIlE: 12,^04. N41C: 2 NCAP: 0
ORz 608 DMG= 0.61160E-08 TIMlE= 104047. IILOC= 4 fICfP= 0
IQ= 609 Vt$: 0.2180HE-04 TliE= 04757. IILOC= 4 IICAP: 8
OR: 0lO 0113: 0.54.337E-05 TItlE: 10,$33. U41C: 2 tOCAP= 2
OR: 611 011$:z 0.13590E-04 TIME: 101035. IOC= 6 tlCAP= 5
IR= 612 ) H3 = 0.1332,^E-03 TItlEz 10,#-415. 14102: 6 NCAP= 49
!R= 613 011G: 0.235920-04 TIMlE= 102.472. 111CC: 4 IICAr= a
IQ= 614 011: 0.22751E-04 TIHIE:= Q9Q30. tI11C 6 N1CAP= 7
OR: 615 0NG = 0.-43633E-04 TItlE= 91045. NbOC: 4 1426P= 16
OR= &;6 DM3:G 0.62579E-04 TilE= 114366. ILK=C 6 NC&P= 23
!P= 617 0 .: 0.24615E-04 TItlE= 94614. It41 0Cz 4 11261' 9
OR: 618 011: 0.1503E-05 TItlE: (SI!0l. HIOC: 4 NCAP: 3
OR= 619 DtIG= .24615E-04. T1lE:- 11600 111C 3 IJCAP= 9
OR: 620 DIlS: 0.45605E-05 7111E= 92C27. H41C: 6 NCAP: 1
IR= 621 011$:= 0.54337E-05 TIIE= 97495. II11CC 5 tMCAp: 2
OR: 1,^2 0113:= 0.1553DE-04 TItlE: 87,335. H11C: 4 UCAP= 5
OR: 6Z3 0MlG: 0.72976E-O5 TltlE= 104264. NL1C: 5 tIC&P= 1
OR: 624 011$: 0.eQ,^Sz'E-07 TOME: 95759. UL1CC: 2 PICAP= 0
OR: 625 011$: 0.l630q3E-04 TIMIE= 10,^336. N L1C= 4 NCAP: 6
IR: 626 0116= 0.11653E-03 TOME= 115701. UILOCC 6 HNEAXRP: 43
OR= 627 V V3:= 0.19105E-04 TOE I I= i00q52. MLtc: S PEAP-: 7
OR: O28 013: 0.1676ZE-03 TIME: S00945. 14102: 4 I)CAP: 69
OR: 629 0113: 0.8ZZ5:E-07 TOME: 95759. NtOC= 2 t.CAP: 0
OR: 630 0113:= 0.0 TIME= QOZ..O. MIOCE I IICAP: 0
OR: 631 DM3: 0.272ZSE-05 T111E= Z^Z05. N11C: 4 14CAP: I
OR: 63? 0116: 0.11790OE-05 7IME: 87873. 111CC: 3 NC4P: I
IQ= 633 0113: 0.40763E-04 TO1".E = 9111-0. U11CC: S ICAP= is
OR: 634 DM3:= 0.164650-04 TOME: 90411. 111CC= 3 14CAP:- 6
OR: 635 0:G = 0.7335ZE-04 TIME= 130367. NL1C: 2 I&CAP:- 27
OR: 636 OflG= 0.823,^7E-05 TIME= 105112. NL1C: 3 tfCAPs 3
OR: 637 0116: 0.32765E-04 TOME: 93Q72. NL1C: 4 4C APs 112
OR: 638 flS= O.191OZE-04 TIMIE= 13,1367. NL1C: 4 HCAPs 7
-OR: 639 DMG: *.62567E-O4 TIMIE: 9913. NLOC: 3 f1CAP: 23
IRm 640 gli3a 0.10949E-04 TIMlE= 109743. NILCC: 3 1JCAP:- 4
OR: 641 DtIGz 0.2963S51-05 711:0 1169:7. NLOC= S IlCAPx I
OR: 642 0916: 0.29972[-04 TitlE: 100^,34. UL1C: 5 t4AP: is
OR: 643 9fl5: 0.169SE-03 TIIlEz 02113. NIC 3 14CAP: 43
OR= 644. WIG: 0.32601E-04 TOMIE: 116363. HL1C: I fEAP: 11
OR= 645 0116: 0.5sqS01-0S TOME= 93656. NILOC= 5 t~4AP: 2
OR: 646 DM5:G O.5515SE-05 TortE: 10,3,^9. IILOCC 4 IJCAP:- 2

-IR: 647 01342 0.19105E-04 TOME: 112136. 1IL1C: 6 tIC 4P: 7
OR?= 648 01'.G= 0.13666E-04 TOIIE= 99357. t111C: 3 tICAP= 5
OR: 649 011$:= 0.96949E-04 TOME= 93-.15. NLOC-- 6 14CAP: 35
ORz t50 0113: 0.21o46E-04 TOMEz 111552. IJ11C: 6 NCAP= 8
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IR= 651 0MG :*.83I'.7E-05 TIME= 1221.. NLDC= 4 NCAP=
IR= 65 2 0MG: .2 7 74E-04 TIME= 115047. "Loc 6 I4CAP= 10
IR= 653 OtIS: 0.45805E- 5 TilEz 92827. LOC= 6 tJCA: z

19: 654 DM6: 0.55QSOE-05 TIME= 893S6. tLOC: 4 NCAP: 2

IP= 655 OHlS: O.9780E-04 TVtlE= 113608a NbGC: 6 NCAP= 36

19: 656 0MG= 0.11114E-04 TItME= 119021. NIOC: 5 NCkP= 4
IF: 657 0MGz 0.27173E-04 TIMEz 137914. NLCC 5 MC?.F: 10

IR= 658 0116: 0.19182E-04 TIMlE= 103944. NIOC= 4 PJCAP= 7

IR= 659 0MG= 0.54.583E-05 TIMlE= 90429. NICC: 5 Nc~r= 2
19z 660 ODlS: 0.Z0c63E-04 TIME= 99486. NLOC= 4 NCkP= 7
IR= 661 V13: 0.64503E-05 TIMEz 93,'03. NIOC= 5 HCAP= I

IP= 662 Dt!3: 0.25SIZE-05 TIt.E= 9W401. 14IOC= 4 NCAP= I

19= 663 Dt!Gz 0.4347,'E-04 TIME= 89775. NIOC= 5 MCAP: 16
IR= 664 0M;Gz 0.t04E-08 TIME= 9S493. NIOC= 4 14CAP= 0

19: 6.65 DMGl, 0.135$:E-04 TIMlE= 89755. NLOC= 5 NCAP: 5
IP: b66 D.'3= 0.2376,E-04 TIME= 95116. 4LC: 4 IJCAP: 8

IPz t67 0111$= l.lQI5ZE-04 TIME= 99S99. NLCCz 4 IJCAP= 7
I9z t68 0MIG: 0.55,1-10E-05 TItME= 113316. UIOC= 4 NCAP= 2
19: 669 01:3: 0.IZ3I3E-04 TIMlE: Q.3qQ5, UIOC= 5 IiCAP= 4
19: 670 0M'Gz 0.3S575E-04 TIMlE= 106017. NIOC= 6 IICAP= 11

19: 671 D!!: D.Zc:35E-05 TIMlE= 120185. f4IOCz 5 NCAP= I
IF: 672 DM3: 0.353Z4E-04 TIM'E= 100783. NLOC= 5 NCAP= 13
IP= 673 DM3:= 0.33199E-04 TIME= 950,A6. 14IOC= 4 t ICA.FP: 14

IP= 674 CtlG: 0.55 0(E-05 TItlE= 147-'50. 14LOC = 4 ICAP-
IP= 675 DM3= 0.46197E-04 TIMlE= 105719. NLOC= 6 NCAP= 17

IF: 676 DMG: 0.l~l82E-04 TIME= 95074. NICC 4 NCAP= 7

19: 677 ODlS: 0.61505E-05 TIME: 111554. t4LOC= 4 NCAP= 3
IR: 678 0MG= 0.1918,^E-04 TIME= 88761. NbOC= 4 NCAP: 7
IF: 679 DM',: 0.25818E-05 TIME= 88356. NLOC= 4 NCAP= I

19: 650 0MG: 0. 25312E-05 TIME= 103933. NIOC= 4 NCAP= I
19: 681 OtIG= 0.5515-,E-05 TIME= 104228. NIOC= 3 NCAF: 2

IF: 682 D:!3: 0.1646SE-04 TIME= 1137%6. NIOC= 4 NCAP: 6
19: 653 Otis= 0.6336SE-07 TIME= 102452. NICC 4 UCAP= 0
19: 654 ODlS: 0.20'157E-04 TIMlE: 99367. tlt1C 3 tlCAP= 1I

19: 6 15 DM3: 0O.SSI47E-05 TIME:- 113317. NIOC= 4 NCAP:

lp= 6C6 DNG:= 0.19. ,CE-05 TIWE:z 93536. tILOC= 5 NC AP= 0
19: 657 DM3:G 0.62'.E-04 TIME-- 109254. N41C: 4 NCAP: 23

IF: tB3 0:13= 0.40915E-04. TIME-- 103q57. NLOC: 4 NCAP= 15

19: 689 0113z 0.4'C%3E-04 T IME: 103325. tILOC= 4 fICAP= i5
lp 60o Otis= 0.I13 3 -I0 3 T IME: 133927. MIOC= 5 MCAP: 49

19: 691 01:3: 0.3532^.E-04 TIM!E: 99565. NLOC= 6 tICAP: 13

19: 6921 D: 0.27Z33E-05 TIME:- 95722. NLOC= 5 NCAP= I
19: 693 DM3z 0.76,33E-04 TIME: 115500. NLOC= 4 IICAP= 28

IR: 694 0113: 0.,^7167E-04 7IME: 112043. NIOC: 4 t4CAP= to

IRI: 69S DM3: 0.52^327E-05 TIME: 99353. NLOC= 3 NCAP: 3
19: 696 0116: 0.19131E-04 TIME: 106546. NIOC= a IACAP: 7
IZ 697 DM -- 0.83147E-05 TIME= 95C67, NIOC= 4 WCAI': 3
19: 698 0.1lGz 0.40333E-04 TIME: 102020. HLOC= S NCAP= is

-19:= 699 OtiS: 0.3519qE-04 TIME: 9S5:8. t4LOC= 4 tX4P= 14
19: 700 0MIG: 0.73358E-04 TIME: 94443. NLOCz 5 "CAP= 27
19: 701 0MG: 0.47450E-05 TIME: 95103. NLOCz 4 tXAP= I
19: 702 OtIS: 0.6Z'.L'E-04 TIME: 88170. ULOC= 3 NCAP= 23
19: 703 0 M.3: 0.2221,5E-03 TIME: 100471. NIOC= 6 NCAr: 82
19: 704 DMG: 0.74617E-05 TIME: 106279. NIOCz 5 NCAP: 2
19: 705 0113: 0.ez:52E-07 TIME: 95759. NLOC= 2 NCAP= 0
19: 706 0MG: 0.6Z649E-04 TIME: 103075. tNbOC: 6 NCAP: 23

-I: 707 D113= 0.11031E-04 TitlE: 93491. IILOC= 4 "CAP= 4
19: 70S 0MGz 0.6264QE-04 TIME: 93729. NLOC: 5 fKAP: 23
IP: 709 WIG= 0.18793E-07 TIME= 94Z50. NIOC: 6 NCAP: 0
19: 710 0MG= 0 .1 SOE -03 TItlE: 98105. 14LOC: 4 N: &- C
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IR:= 711 0MG= 0.I6465E-04 TIME= 93495. NLOC: 4 NCAP- t,

IR= 712 DMG O. 56040E-05 TIME= 104061. NLOC= 4 NCAP: 2
IR: 713 DMGz 0.20963E-04 TItlE: 10174Z. NLOC

=  
5 NCAP= 7

IR: 714 DMG= 0.11031E-04 TIME: I03933. IILOC: 4 tCAP: 4
IR= 715 D0MG: 0.55986E-05 TIME: 99890. ILOC= 4 t4CAP= 2
IR= 716 DMG: 0.11147E-03 TIME= 104601. HLOC: 5 1CAP: 41
IR: 717 DuG: 0.1367.E-04 TIME= 108061. NLOC= 4 UCAP: 5
I3: 718 DMG= 0.17124E-03 TitlE: 95069. NL0C= 4 ICAP= 63
I1= 719 DNG= 0.1918^E-04 TitlE: 99899. NLOC: 4 14CAP: 7
IP= 720 OVS= 0.279q0E-05 TIME: 95761. 11OC= 2 NCAP= I
IR= 721 Dt1C: 0.11147E-03 TIME: 92166. ILOC= 4 fMCAPz 41
IR= 722 D'G: 0.16450E-06 TitlE= 93484. t4LcC= 4 NCAP: 0
IR: 723 DuG: 0.2-8111E-05 TitlE= 112842. NILOC= 5 NCAP= I
IR: 724 Dtl= O. 1

9
18ZE-04 TIME: 95074. 1NLOC

=  
4 14CAP= 7

I2= 725 Ot: 0.41550E-04 TItlE= 94426. IJLOC: 3 NCAP =  
16

I2: 726 DrtZ: 0.1.-2252E-07 TIME= 108733. NLOC: 4 NCAF= 0
1R: 727 Dr'= 0.F4225E-04 TIME= 99262. NLOC: 5 NCAP: 31
I= 728 DtIG: 0.128Q5E-04 TIME

=  
94704. IJtOC= 5 'CAP: 4

INz 729 01:3: 0.19460E-05 TIME= 100150. NLOC= 5 NCAP= 0
!R: 730 03:S 0.78

0
50E-04 TIME

=  
120697. NLOC= 5 ,CAP: 29

IP: 731 D::3: 0.:4539E-04 TIME: 101408. tNLOC: 5 'CAP: 9
IP: 732 ON 3 0.21816E-04 TIME= ;97429. 14LOC: 4 NCAP: 8
IR= 733 D',Sz 0.29,,$4E-03 TIME: 116541. NLOC= I NCAp =  

110
IP: 734 OS= 0.5521,E-05 TItlE: 115510. MLOC

=  
4 NCAP= 2

I: 735 011: 0.11681,E-03 TIME= 89914. tILOC: 5 MCAP= 43
I3= 736 C,: 0.27993E-05 TIME: Ii0287. tLOC= 4 t'CAP

=  
I

IR= 737 DG: 0.101",8E-04 TtlEX 100866. ULOC= 4 NCAP: 3
I= 738 Or: 0.46627E-O5 TtlEZ 89622. ILOC: 4 tCAP= I
IR: 739 DO;S: 0.89653E-04 TItE: 129106. NIOCz 2 NCAP- 33
IR= 740 DM2: 0. 29635E-0S 1ilfEr 118927. PILOC= 5 NCAP= I
IP= 741 OtMS= 0.12505E-03 7IMtt 90006. NLOC: 4 tCAP: 46
I2: 742 DM

= 
0.74617E-0S TItE: 95105. NLOC= 4 IJCAP: 2

IR3 743 OS: 0.4346GE-04 TICIE: 164951. 14LOC= 3 NCAP: 16
I9= 744 DrI3: 0.19182E-04 TIME: 95074. ILOC: 4 NCAP= 7
IR= 745 't1G: 0.19333E-03 TIME

=  
100332. NlOC= 7 NCAP= 73

I1: 746 0!'G= 0.3803E-04 TIME: 8529. t1LOC: 3 UCAP
=  

14
IP: 747 D!3: 0. 4697E-04 TIME= 1,^0517. NLOC= 5 NCAP= 9
IP: 745 DI: 0.2:279E-03 TIME= S9932. NLOC= 6 #JCAP

=  
82

12= 749 DIS
= 

0.604.8-E-03 TIME= 11971Q. tlLOC= 5 ICtP
=  

0
IP= 750 0 t: 0.23915E-03 TIME= 85012. I LOC= 7 tICP= 88
IR= 751 D0:': 0.33199E-04 TIMlE= C5036. MLOC= 4 ,CAP: 14
IR= 752 DM3 = 

0..oO40E-05 TIME= 03614. NLOC= 4 NCAP= 2
IR= 753 DWIG: 0.83147E-05 TItlE= 95066. tMLOC= 4 I:CAP: 3
I3: 754 [tI-,: 0.70667E-04 TIME= 992f0. IR OC= 8 NCAP: C6
IR: 755 DM:= 0.19-.i0E-05 TIME: 93073. t1LOC= 4 1CAP: 0
IR= 756 WIG= 0.2CS1-E-05 TIME: Q0002. NLOC= 4 tCAP= I
IP

=  
757 OG= 0.51700E-04 TItlE= 93182. 14LOC: 4 tICAP: 19

IR: 758 DM:: 0.27 0;ZE-05 TItlE= c0595. NLOC= 3 UCAP= I
"IR: 759 DRS1= 0.15612E-04 TIME: 94706. NLC: 5 I4CAP: 5
IR: 760 011: 0.40333E-04 TiME: 101773. t4LOC= 3 fCAPX IS
IR: 761 0IIG: 0.559C0E-05 TItlE: 85,.57. 141OC= 4 lRAPx 2
IR= 76Z 0MG: 0.559S0E-05 TIME= 103039. NLOC: 4 NCAPx 2
IR= 763 DHG: O.02Z52E-07 TIME: q5759. NLOC= 2 NCAPZ 0
IR= 764 0113: 0.16307E-04 TItlE= 95070. ULOC= 4 NCAP= 6
IP: 76S 011G: 0.3t912E-04 TIME= 1093-46. IILCC= S tiAP: II
IR= 766 OHS= 0.18:0:E-03 TIME= 102.Z01. MtLOC: 6 tliP: 67

"IR= 767 0IG: 0.5439CE-05 TIM:E: 91593. ILOC: 4 tRAP: 2
IR: 768 0113: 0.10955E-04 TIME: 00768. fltOC: 5 lCAP: 4
12: 769 D!S: 0.10C50E-04 TIME= 110608. IILOC: 4 NCAPx 4
I3= 770 D11G= 0.16450E-06 TIME: 89853. tLOC= 4 NCAP= 0
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1R: 771 DMG= 0.82386E-05 TIME: 102457. NLOC= 4 NCAP=
IR= 772 OMG= O.13856E-03 TIME: 181597. NLOC

=  
3 NCAP: 5

IR= 773 OMG: 0.27992E-0S TItlE: 95502. NLOC: 3 NCAP= I
IR= 774 0IG= 0.40759E-03 TIlE= 1509,4. NLOC =  

2 tCAP= ISO
IR= 775 DuG

= 
0.35400E-04 TIME: 95693. NLOC

=  
3 HCAP= 13

IR: 776 DtrG
= 

0.27415E-05 TIME= 94168. NLOC
=  

5 NCAP= I
IP: 777 DIMG= 0.16383E-04 TIME= 93043. NLOC =  

4 NCAP= 6
IR: 778 DMG

= 
0.5398E-05 TIME= 95065. NLOC: 4 NCAP= 2

IR= 779 D1' = 
0.47450E-05 TIME: 129776. NLOC

=  
5 tiCAP: I

I: 70 DM:G= 0.02325E-05 TItlE= 92947. NLCC
=  

4 tCAP= 3
IR= 781 D1G: 0.28373E-05 TIME= 113744. HLOC =  

5 NCAP= I
IR: 782 D.15= 0.4731E-03 TIME= 104074. NLOC: 4 NCAP= 91
IR= 783 OmG

= 
0.10O3E-03 TIME= 110518. NLOC

=  
4 NCAP= 67

IRz 784 0.1',
= 
0.32765E-04 TIME= 100842. NlOC=  

4 NCAP= 12
IF' 735 DIN5= 0.30049E-04 TITIE= 1006.0. NLOC=  4 t4CeP= it

I= 786 0; = 0.74617E-05 TIME= 121822. 14LOC =  5 NCAP= 2
IR= 737 D:= 0.4363-E-04 TIME= 103432. NLOC =  4 NCAP= 16
IP: 788 Of:G= 0.15612E-04 TIME= 950:5. NLOC

=  NCAP= 5
IP = 

739 DIS: 0.8150tE-04 TIME= 91899. HLOC =  4 tMCAP= 30
IR= 790 01:= 0.47450E-05 TIME= 8Q343. NLCC

=  
4 HCAP= I

IF: 791 Dt.°3
= 
0.74617E-05 TIME= 95105. NLOC= 4 MfCP= 2

IR= 792 0MG= 0.298384E-04 TIME: 111276. HLOC: 3 NCAP= II
IP= 793 01:3= 0.19460E-05 TIME= 100906. tLOC=  4 IJCAP: 0
IP= 794 0M'1m 0.5593OE-OS TI1= 103935. NLOC =  

4 NCAP= 2
IZ= 795 Dr:3= 0.19108E-04 TIlit: 9Z412. NLOC= 4 NCAP: 7
IZ= 796 0MG= 0,.900E-05 TIME: 104060. NLOC= 3 NCAP= I
IR- 797 D1,: 0.11031E-04 TIME: 90744. NLOC =  

5 NCAP= 4
IP= 793 O:G= 0.97802E-04 lIME: 105765. NLOC= 6 NCAP= 36
IP: 799 DMG= 0.83147E-05 TIMlE: 118733. NLOC= 4 NCAP= 3
IR= 800 OMG= 

0.816.4E-05 TIltE: 100050. NLOC: 6 NCAP= 3
IR= 801 0IG

= 
0.83970E-05 TIt'= IO f83. NLOCz 5 NCAP= 3

IR= 802 0!,: 0.-4615E-04 TitlE: 106959. NLOC= S HCAP= 9
IR= 803 OliG

= 
0.54396E-OS TItE= 96330. NLOC= 5 NCAP= 2

ZR: 804 O11= 0.16301E-04 Title= 100475. NLOC= 3 NCAP: 6
IR: 805 O.'1= 0.S593OE-05 TIME= 9Z403. NLOC= 4 IICAP= 2
Ip= 806 ONG= 0.I8tqSE-04 TIME= 94705. NLOC =  5 NCAP= 4
IF= 807 011: 0.- &OZE-05 TIME=: 1419". NLOC' 5 NCAP= 2
IR= 808 O1G

= 
0.1561.E-04 TItE= 104965. NLOC' 4 tICAP= 5

IP: 809 DMG= 
0.8,^319E-07 TIME= 91378. NLOC: 4 NCAP= 0

IZ: 810 0 := 0.8225E-07 TitlE: 95759. NL'C' 2 NCP= 0
IP 8)1 0:53: 0. 7343#E-04 TItME: 89612. NLOCz 6 NCAP: 27
IP= 812 ODM5 0.54335E-04 TIlIE= 10379. tlLO: 4 NCAP= 20
ZR: 813 Dl:l' O.4615E-0O- TIME= 98535. HLOCz 5 NCAP= 9
IR= 814 Or:= 0.11333E-03 TIME= 952W18. NLC: 4 NCAP: 41
IR= 815 DN:= 0.10955E-04 TIMIE= 12331S. NLOC: S NCAP= 4
IR= 616 1:5

= 
0.55157E-05 TIME= 131668. NLOC: 3 NCAP: 2

IF= 817 O'G- 0.1l140E-03 TitlE= 1033c.. NLOC- 7 NCAP: 41
IP: 818 0115= 0.37275E-05 TIllE= 117279. NLOC: 6 HCAP= *

-- P= 819 01h: 0.22014E-03 TIt!E= 16530. NLOC= 3 HEAP: I
lF: 820 DMG= 0.4363E-04 TIlE: 107730. NOC: 5 NCAPm 16
IP= 821 OM: 0.27991E-05 TIME= 146120. NLtOC: 4 fCAPz I
IR= 822 01G:3 0.14949E-04 TitlE= 99355. NLOC: 3 "CAP: 4
IR= 823 0IG= 0.3276SE-04 TIME: 92057. NLOC= 3 lCAPz 1
IP= 824 DMG= 0.1479S9-04 TIlE= 94745. NIOC= 5 NCAP: 4
IR= 825 01:32 0.'8873E-05 TIME: 121425. NLOC= 6 NCAP: I
I:= 826 OttG: 0.97802E-04 TIME= 101773. ILOC= 4 NCAP: 36

"RIP: 827 DMG= 0.14677E-04 TIME= 106936. HOC: 5 NCAP= 4
IR' 828 011= 0.11691E-03 TIME: 102.35. NLOC: 4 WCAP: 43
IR: 829 0115= 0.19460E-0S TIME: 93536. NLOC- S NCAP: 0
IR: 830 ONG = 0.2010E-04 TItlE: 96281. NLOC: 5 NCA',

z  5
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______________Table 5 (Contd.)_ ___ ______

IR= 83; 0MG= 0.55980E-05 TIME= 103935. NIOC= 4 NCAP=
19: 832 0MG= 0.92533E-04 TIME= 115511. U11C 4. HCAP= 34
IR= 833 0MGz 0.32765E-04. TIME= 109712. MICC 4 HCAP= 12
19: 834 0MG= 0.559S0E-05 TIMEz 94746. IJEOC: 4 HCAP= 2
IRz 835 0M!G: 0. 27992E-05 TIME= 9931#9. NLOC= 3 NCAP= I
I9: 836 0M: 0.37270E-04 TItlE: 91300. tJEOC: 5 I4CAP= 13

1: R=e,37 ODlS 0.2&3' 1zE-05 T I lE: 95758. t44Oc= 4 141, P= I
19: &833 13 0. i0 7E-04 TItlE= Q3 ,78. MtOC= 3 MCAP= 2
1R: 839 D;3- 0. 213.2E-04 TIMEZ o.;851. N11C 6 IJCAPz 8
39: E4 C::G= 0. 1,'5E-04 T ItlE 1 03,193. NL1C: 5 tICAP= 4
39: 841 NIS 0.2, 31,E-05 TIIlE: 505 3. N41CC oc 4 NUC/C I
19: 842 OtIS: 0.10949SE-04 TI11E: 133733. Ht OC= 4 11CM': 4

:2: 63 OIS 0.7 Q7LE-05 TItlEz Qtt39. HL1C: 5 NCAPZ 1
!R: 844 V tM-, 0 . 7 3; E - 04 TIMlE= Q~tc,3. N11CC: 6 tXAP: 29
39: 6..5 [)5: 0i.60...E-08 TI11E: 3 5 93. N1 OC: 3 HCAP= 0
IQ= 81,6 Ell-, 0. 1 3 74 E- 0.+ TIM!E: 1002,. N1C: C4 HJAP= 5
IC: 8+7 D) = 0.3:057E-03 TI11E= 1~6 16). t4t OC= 3 NCAC: 118
12 W e8 C;!, 0.5,'051E-04 TIME: 1l45Q4. N11C: 5 11CAP: 2 1
It'z ?3. 011 o 1 .55-'73E-05 711ME= 115-45. MISC: 6 14CAP: 2

ss eo or:5 z 0. l7CE-03 T IME z I I64,t'. lacO: I N1.5/9: 47
Ip C51 D, - 0.1 l%-OE-04 TItlEZ NZ

2
~ 11CC:= 6 N4C A r 3

-, E 1,2 Or:;: 0.2 7331-E-04 TIM!E: 10 TQ.9. 111CC: 4. lCAPZ 10

I P /53 DMS = 0.0 71IME: 10 0 0 01 .1C 6 :CAP z 0
.. 1, 4 , :S: O.t.2-513E-05 TIMlE=: I . Oc,9. 141 C: 8 NC/C: 3

P:£1 I>0.%ls1tOE-05 TIMlE=: ,2 0 . N11C: 3 trCAPz I
8" 5b D: 0-29i13E-04 TIlE: 89 ,33. N14CC 4 tC A P 10

39:8~ Ct: .3347-05 TIME: 9..74'8. I!IOC= C.MAPz
>': 613 [ 03:z 0.16-353E-04 TIME: 1 8,6. N L CC 5 lICAP= 6
:= 659 0 r : 0. Z7,;ZE:-05 TIMlE= 639021. 14L CC 3 t ICAP: I

12: 660 DM0,: 0.2.53;E-04 TIME= 8Q3l7. 141CC: NCAP= 9
IP: 8&l 0 G: 0.20ZE63E-05 T IM!E: 69346. 1441CC= 4. NC AP= 0

iP: 0:15 0.74i617E-05 TItlE= 115064. tIOC: 5. 4CAP=
IR= ft 3 0115: 0.2019ZE-04 TIME= 1 13791. 14t.C: 5 HCAP= 6
I9: e64 D1lS: 0.46190E-04 TIIIEz 9255. 141C: 5 N4C fP 17
19: 865 0DVS= 0.70641E-04 TIM E: 102345. NL10C- 4 NCAP= 26
19: 066 czis: 0.19182E-04 TItlE: 113797. NLOC: 4 MCAP= 7
19: 8b7 Cr:;: 0. 3 316E-04 TI E: Q3063. H41C: 4 IJCAP= 14
12: 668 Ot lS: 0.679,41E-04 TItlE: 105363. N41C: 7 fICAP= 2 5
l9: e69 :: 0.32252E-07 TIME: Q5759. 141C: 2 NO.59: 0
19: 870 0*13: 0.,,Q535E-03 TIMIE= 91659. 111C: 7 NCAP= 108
19: 871 DM: 0.3314-,E-05 TItlE= 950,6 . MIOC= 4 t;CAP= 3
1P: 872 D,'!3: 0.621252E-07 TIMlE= 05759. MIOC: 21 NCAP: 0
19: 873 DM3: 0.Z30E-03 TIME= 13 .ZLk21. NLOC= 2 HCAPz 88
19: 874 0113: 0.27335E-04 TIME= S871. IJIOC: 4 NCAP= 10
19: 875 OtM:= 0.27166E.-05 TIM!E: 111309. H11C: 3 IJCAP= I
19: 876 0WIG: 0.83147E-05 TIME= 95066. 1411C 4 NCAP= - 3
!R: 877 0IG= 0.19026E-03 TIME: 90396. NbOC: 5 NCAP: 70
19: 878 0115: 0.C.,.67FE-06 TI1ME: = 1&06. NL1C: 5 NCAP= 0
39:= 879 OtiS: 0.10511-03 TItlE: 9.4127. NLOC: 4 14CAP= 38
39: e80 0MG: 0.6520SE-04 TIME: 90663. NIOC= 6 fICAP: C24
19: 881 ODlS: 0. 16e465E-0.4 T ItME: = 03?46. IJIOC= 4 NCAP= 6
19: 882 0MG: 0.4917,E-03 T IME = 130655. NIOC= 2 tJCAP= 181
39: 8S3 DIIG: 0.2189SE-04 TIME: 96598. IIIOC: 4 NCAP= a
19: 834 0M:G: 0.31743E-04 TIME= 95754. ULOCC: 6 NCpr It
19: E85 01:5: 0.55157E-03 TItlE: 199618. NLOC= 4 NCAr= 2103
IP: 836 DM3:= 0.10053E-03 TIME= 124066. H11C: 5 NCAP= 37
19:= 887 DM13= 0.16450E-06 TIME: 112993. NLOC: 4 NCAP= 0
19: ESS 0MIG= 0.11031E-04 TIME: 103938. H11C: 4 NCAr: 4
19: 889 0MG= 0.29635E-05 TI11E: 114191. NIOC: 5 NCArt I
19: 890 DMG: 0.0,1,52E-07 TIME= 95759. HL1CC: 2 11CAP= 0
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Table 5 (Contd.)

IR= 891 0MG=:0.29979E-04. TIMlE= 107030. NIOC= 5 NCAP= 1.
OR= 892 OtI: 0.83970E-05 TItlE= 120507. NIOC= 5 NCAP: I
OR: 893 D.".G= 0.181,33E-05 TItlE= 92825. NLOC= 6 tJCAP: 0
OR: 894. DNS= 0.46273E-04 TItlE= 126663. NIOC: 5 NCAP= 17
OR: 895 0r',G 0.49066E-04. TiIME= 99919. NIOC= 4 NCAP: 18
IR: 896 DtMG= 0.;ZO9 .E-07 TOME= 958Q5. NIOC= 6 tICAP= 0
OR: 897 0 r .. 0.32766E-04 TIMlE= 10,^5'6. NIOC= 5 NCAPz 12
OR: 898 DM3: 0.19-.60E-05 TOME= 93536. NLC:= 5 NCAP: 0
OR: 899 Dt!G: 0.266ZEE-03 TIME= 94154. 14IOC: 9 HCAP= 98
IR: 900 Ot!S: O.55q3OE-05 TIMlE= 95065. IJLOC= 4 N4CAP= 2
O9= 901 0M.G: 0.559S0E-05 TOMlE: 89309. NIOC= 4 NCAP= 2
IP= 902 0'!S= U. I OW

0
'E-04 TVtlE= 90523. NLOC = 3 tICAlP: 3

OR: 903 0 NS = 0 .13 74 ItE- 04 TIMrE= 95070. NIOC: 4 IICAP= 5
OR: 904 0MGz '^.:7339E-03 TIME= 92980. NLOC= 6 NCAP= 64
17: 905 0N13:= 0. 1032E-04 1OME= 116011. NIOC: 3 tJCAP= 4
OR: 906 OrIlS 0.0 Tlt'E= 9735.. NIOC= 2 HCAP= 0
IR: 907 OrS'= 0.10175E-04, TOIIE= 931,16. tiLOC= 5 NCP= 3
IR= 903 0MG= 0.1-5tOE-03 TIlE:,' 8993,i. NIOC= 3 tJCAP: 72
07: q09 Of': 0.100qtE-' TItlE: 93918. HLOC= 5 NCAP: 3
OR: 910 0113= 0.27990E-05 TltlE: 95761. ?ILOC= 2 NCAP= I
OR= 911 0! !: 0.8314.7E-05 TIIlE: 95067. NLOCm 4 NCAP= 3
ORz of,, DMG: 0.i374-51-04 TIIIE: 114636. NIOC: 4 NCAP= 5
OR: 013 ONG=: 0.11031E-04. TitlE= 1031)33. 14JLOC = 4 NCAP= 4
IR= 914 011:= 0.271

0
2E-04 TIIlE= 8 605. tJLOC= 5 NCAP= 10

OR: 915 Dt*G: 0.60'.SSE-08 TItlE: 144791. NIOC: 4 NCAP= 0
IR: 916 DING 0.16333E-04 T111E: 105117. NIOC: 3 NCAP= 6
OR: 917 011lS= 0.32765E-04 TItlE= 93506. NIOCz 4 NCAP= 12
ORZ 918 01:G= 0.54417E-C4 TOMlE= 892147. tILOC= 4 HCAP= Z20
OR: 919 0r.,= 0.59933E-04 TOME= 100541. NIOC= 4 NCAP= 012
OR: 9210 0115: 0.19'.60E-05 TIHlE: 88300. t4lOC= 4 NCAP: 0
17: 921 O:IlS 0.13745E-0, TOMlE: 100829. 14LOC= 4 NCAP= 5
OR: 9zz DIG=: 0.105~,E-03 T ItE:= 95806. NLOC= 4 IJCAP= 39
OF: 923 OIG: 0.16339E-04 TOMIE= 105663. N11C: 4 NCAPm 0
17: 924 0;V: 0. ,63SOE-04 TIIE 1,E= ,13024.. NIOC= 7 NCAP: 6
0Q= 925 ONG=: 0,82,152E-07 TItlE: 9575q. N11C' 2 NCAP= 0
OR: 926 DNiS= 0.S3147E-05 TI IlE= 98181. t4110C= 4 tCAP= 3
17: 927 015:, 0.226,21E-16 TOIME= 1074.37. NIOCz 4 NCAP: 0
IQ= 028 O?3: 0.0 TOME: 9024.0. NLOC: 2 NCAP: 0
OR: 929 0113: 0.54.gqgE-04 TIME= E3305. N11C: 4 tlCAP= 110
17: 930 orM]= 0.l20 58E -07 TOME 101537. iJLOC' 5 lICAPz 0
ORZ 931 0!13 0.50929E-04 TOME= 10 t77. LO102 5 NCAP= 18
OR: 932 O013=: 0.1195.E-03 TOME: 1003)0. NLOC' 5 NCAP= 44
OR: 933 D11G= 0.6049E-08 TIMlE: 89593. tl102: 3 NC AP= 0
OR: Q34 DMG= 0.8,#301E-04 TIME=: 10c)392. 14LOC= 4 NCAP' 31
OR: 935 0MlG: 0.15612^E-04 TIMlE: 106Z35. N11C: 5 IICAP= 5
IP: 936 0MG:= 0. 1 "474E-0 3 TOMlE: 91624. NLOC= 5 HCAP: 68
OR: 937 0:z 0.S#22l5E-C TOMIE: 97614. NIOC' 5 HUC.P= 31
OR: Q33 017,: 0.83147E-05 TIME: 94748. NIOC= 4 IICAP' 3
07: 939 OIlS: 0.c5Z50E-04 TIMlE= 100565. NLC 4 NCAP= 35
OR: 940 W13=: 0.67025E-04 TIME= 134168. NL1C: 2 HCAP= 2^5
OR: 941 01:3: 0.e11b6SE-07 7OME: 89786. NIC: 4 lICAP= 0
OR: q42 0113= 0.182191E-03 TIIlE: 20Z735. NLOC= 4 NCAP= 67
OR: 943 0113: 0.65ZO31-04 TIME= 94276. NIOC= 5 NCAP= 24
OR: 944 0M:G: 0.24615E-04 TIME: 112254. N41C' 5 IICAPz 9
OR: 945 WIG= 0.195,21E-05 10111: 89746. NL1C' 4 HCAP' 0
09: 946 0MlG: 0.5515-,E-05 TIME: 95762. WlOC'= 2 NCAP= 2
1R'= 947 0115: 0.16319E-04 TIME= 881#71. 14L1C= 5 t4AP: 6
OR: 948 0M:G: 0.:98,4-04 TOME: 96477. U41C: 5 NCAP= 11
OR: 9c#9 0MlG: 0.21IIOCE-0. TIMlE= 120555. NLOC: 5 HCAP: 7
OR: 950 DMS: 0.843011-04 T11nE: 100633. H1C' N. CA~ 31
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IR= 951 DMG: 0.2'.615E-:4 TIME= 93500. NIOC= 4. t4CAP=
IR= 952 0MG: 0.55157E- 5 TI "Ez 12'3271,. tALOC= 3 t CAP= 2
IR= 953 CMG= 0.43 907E- 04 TIME= 99906. IJIOC= 4. NCAP= 18
IP= 954 [0MG: 0.1,0655E-03 TIMlE= 198167. t4LOC= 3 NCAP= 76
12: 955 0110: 0.25909E-09 TIMlE= 101'842. ULOC= 3 NCAP= 0
12: 956 0MG= 0.19106E-04. TIME= 94 989. t4 OC: 5 NC AP= 7
12: 357 0MG: 0. , 646i -E-04 TI ME= 95072. tMLOC= 4 t4CAP: 6
12: ')58 0MG: 0.56113E-05 TIME= 9:293. IJLOC= 4 tJCAP: 2
12: c59 DM3: 0.1918CE-0. TIME= 0396 MLOC= 4 NCAP= 7
12: q60 (Pfl3: 0.59933[-04 TIME= 103507. NIOC= 4 NCAP= 22
12:. 061 Dt.S 0.120983E-07 71ME: 85049. tMIOC= 5 HCAP= 0
12: q6Z ONG= 0.ltES52E-03 TTME= 10Z',50. H11C: 6 NCAP: 62
12: 963 DM3:G O.A2652E-03 T IME:z 166721. NIC: 4 tICAP= 157
12: Q54 01",= 0.1061CE-03 TIME= 112Z303. NLOC= 5 NCAP= 39
JP= C55 015. 0.1353.'E-03 TIME= 107101. HNbC: 7 tICAP= 50
32: %c6 0'3= 0.5S'ct0E-05 T .IE:= 94.557. IJIOC: 4 tJCAP: 2
12: cf67 DNS= 0.1918ZE-04 TIME= 94755. tILDE: 4 tICAP= 7
12: Q9c3 0: IG 0.164(5E-04 TIME: 147735. tALOC= 4 NJC 0= 6
32: ' 69 OMG: O.,27250E-04 I IME:z 956,87. NIOC: 3 NEAP: 10

'=970 01:0.137-.IE-04 TIME: 103040. IILOC= 4 NCIAP: 5
12: 971 D.': 0.43532E-04 TIM.E: 117936. N11C: 5 MEAP: 16
12: 972 DM3:, 0.16450E-06 TIME: 921035. NLOC= 3 NCAP= 0
10= 973 DM3:2 0.391,21E-03 TIME= 129307. N11C: 2 hEAP: 144
12: 974 DMG: 0.61l5JE-08 T IM ,E: 87916. NLOC= 5 NCAP= 0

12: 975 DM: 0.6965SE-04 TIMNE:= 97722. NIOC= 7 NCAP= 33
12: 976 DM:3: 0.11031E-04 TIMlE: 93491. tILOC: 4 HEAP: 4
32: 977 DN3: 0.740.',-E-05 TIME: 101631. t11CC: 5 NCAP: 2
12: Q75 0M'G: 0.1355A4E-C3 TIME: 116432. N11C: 1 NCAP= 50
I2: 979 DMG: 0. , 031E-C4 TIME= 8 9313. tJLOC= 4 N4CAP= 4
12: 9Q DM:= 0.4003 E-04 TIME: 121477. N11C: 5 HCAPt 15
12: c3l 011: 0.55157E-05 TIME: 95762. H11C: 2 N C AP= 2
!P= C, 7 D.I!: 0.,'5545E-03 TIME: 173334. NLOC= 4 tMCAP= 94

;p 3 DIG= 0.3004.9E-04. TIME= 9:056. HIOC: 3 NCAP= ft
12: 934 WIG : 0.3,'68';E-04 TIME: 88034. H11C: 5 NCAP: 12
12: q35 0113: 0.217,40E-04 TIME= I 05569. HIOC= 5 NEAP: 8
32: 1 36 D?*3: 0.8I56SE-05 TIME= 934.30. NL1C: 4 NCAP= 3
32: 937 D113= 0.'46267E-04 T IME = 89878. NL1C: 7 HEAP= 17
1 P.: 9E8 0113: 0.Z9372E-04 TIME= 91372. N41C: 5 PIEAP: 11
12: 939 01!; 0.16465E-04 TIME: 107720. l11CC= 5 NEAP: 6
12: 930 Drts= 0.327t651-04 lIME: 100642. t&LCC: 4 MEAP: 12
12: 991 DM: 0.87024E-04 TIME: 89540. N11C: 4 NCAP= 32
IP: 992 D;:S= 0.1101,5E-04 TIME= 93972. NC: 6 NCAP= 2
12: 993 D13: 0.3548'E-04 TIME: 94606. NL1C: 4 NCAP= 13
IP= 994 VMS= 0.15757E-03 TIME= 87814. tl11C 6 lICAP= 58
12: 095 013:= 0.5598-.E-05 TIME: 89-.43. 14LOC= 4 NCAP= 2
12: 996 0MG: 0.26633E-03 TITlEz 97283. NIOC: 5 1,CAP: 98
I2: 997 D.M0: 0.10949E-04 TIMlE= W1090. NL1C: 4 UEAP: 4
IP: 998 0MG= 0.60438E-08 TIME: 95161. NIC 4 NCAP: 0
32:= 999 0MG: 0.83147E-05 TIME= 96136. UL1C: 3 HCAP: 3
32: 1000 DM: 0.10950E-04 TIM1E: S6154. NLOC= 3 NCAP: 4
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Table 6 - Sidewinder Rocket Damage in 10 Years (Sorted in Ascending Order).

TIME= 87600. (Hrs.
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.10240-16
II 0.14330-10 12 0.b7150-10 13 0.67150-10 14 0.257Z0-09 15 0.250:0-09
16 0.Z5910-09 17 0.313n0-09 18 0.52110-09 19 0.34770-08 20 0.600S0-08
21 0.6c40-03 22 0.60490-08 23 0.60490-08 24 0.60490-08 25 0.604;0-08
26 0.6C4qo-08 27 0.60490-08 28 0.604CD-08 29 0.604CD-03 30 0.611,0-C8
31 O. tlCO-03 32 0.62850-03 33 0.73390-03 3. 0.11950-07 35 0.12100-07
36 0.121CD-07 37 0.12100-07 38 0.12100-07 39 0.1653D-07 40 0.22150-07
41 0.24S40-07 42 0.25690-07 43 0.52760-07 44 0.626C0-07 45 0.626C0-07
46 O.t,^6q9-07 47 0.626 0-07 45 0.626' 0-07 49 0.6269D-07 50 0.62600-07
51 OZ619D-07 52 0.67303-07 53 0.82,25D-07 54 0.082250-07 55 0.82250-07
56 0.32250-07 57 0.eZZ50-07 58 0.82250-07 59 0,8ZZ50-07 60 0.6:50-07
61 0.82250-07 62 0.82250-07 63 0.82250-07 64 0.82250-07 65 0.82250-07
66 O.Z250D-07 67 0.8250-07 65 0.022 0-07 69 0.32:0-07 70 0.82250-07
71 0.Z::5D-07 72 0.62255-07 73 O.OZZSD-07 74 0.8:2CO-07 75 0.82320-07
76 0.32320-07 77 0.82510-07 78 0.8343D-07 79 0.87350-07 00 0.10360-06
6 0.1030-06 82 0.12530-06 83 0.1311D-06 84 0.133F0-06 65 0.14410-06
E6 0.15040-C6 87 0.153CD-06 S8 0.I53C-C6 89 0.164'50-00 90 0.16450-06
91 0.16453-06 92 0.16 50-06 93 0.16450-06 94 0.16450-C6 95 0.16450-06
96 0.1640-06 97 0.16260-0k Q3 0.172,.0-0- 99 0.17260-06 100 0.790Z0-06

101 0.I640-05 102 0.19460-05 103 0.19460-0S 104 0.1046D-05 105 0.19460-05
106 0.lC;60-05 107 0.194o0-05 103 0.1C6D-O5 109 O0.t.qb3-05 110 0.19,.60-05
III 0.19.60-05 112 0.19*70-05 113 0.1,940-05 114 O.2O4D-05 its 0.27170-05
116 0.27170-05 117 0.27170-05 118 0.27220-05 119 0.27Z30-05 120 0.27230-05
121 0.272-0-05 122 0.27230-05 123 0.27230-05 124 0.2726D-05 125 0.27200-05
126 0.Z7303-05 17 0.27410-05 12B 0.27510-05 129 0.277'0-05 130 0.27790-05
131 0.2779D-05 132 0.27320-05 133 0.27990-05 134 0.271S3 05 135 0.27D90-05
136 0.Z7,90-05 137 0.279?0-05 133 0.279C0-05 139 0.27900-05 140 0.279qD-05
141 0.279 D-05 142 0-27990-05 143 0.27990-05 44 0.279q0-05 145 0.27990-05
146 0.27 3-0S 147 0.27990-05 145 0.279qD-05 149 0,280C0-05 150 0.28040-05
151 0.23:50-05 152 0.0C050-05 153 0.2-060-05 154 0.20c,0-05 155 0.20250-05
156 0.:2370-05 157 O.ZrqD-05 153 0.23510-0S 159 0.285s0-05 160 0.205S0-05
161 0 2P670-05 16Z 0.255'.0-05 163 0.28710-05 164 0.2310-CS5 165 0.23810-05
166 0.z232--05 167 0.23310-05 163 0.21310-05 169 0.Z5310-05 170 O.q3tD1O5
171 0.2310-05 172 0.2,310-05 173 0.28310-05 17.. 0.253t0-05 175 0.25310-05

176 O.LSS3O-0S 177 0.C2310-05 178 0.Z2550-05 179 0.Z5S5D-05 180 0.233CD-05
81 0.2 0-05 16.! 0.235 -0-05 183 0.2'37D-05 164 0.23q;0-05 165 O.ZOOO-05
816 G.Z3C3-05 137 0.3l6C9-05 133 0.37250-05 l8Q 0.43760-05 190 0.45600-05
191 0.45^,0-05 192 0.45570-05 193 0.46630-05 194 0.46630-05 195 0.46630-05
196 0-7270-05 197 0.47.5D-05 198 0.47450-05 199 0.47530-05 200 0.47370-05
201 O.tZ670-05 202 0.54340-05 103 0.543,-D-05 204 0.54350-05 205 0.54400-05
206 0.5..0-05 207 0.5.5-05-05 203 0.54,00-05 209 0.54 20-05 210 0.54440-05
Z11 0.5-,50-05 212 0.51500-05 213 0.54530-05 214 0.54570-05 '15 0.54610-05
216 0.5.6Z0-05 217 0.5,6.30-05 213 0.5;'4-kO-05 ^1 0.5060-05 220 0.55130-05
221 0.551(D-05 222 0.551t0-05 223 0.55160-05 24 0.55160-05 25 0.55160-OS
26 .5 5I0-05 27 0.8160-CS 23 0.55160-05 229 0.55160-05 230 0.55160-05

23' 6 .55tt -0S 232 0.55160-OS 33 0.55 30-05 3- 0.55310-05 235 0.55570-05

36 0.5516D-05 237 0.55600-05 3S 0.55100-05 239 0.5531D-05 40 0.5560-OS

21 0.5530-05 42 0.5510 -05 0 2'' 0.55 30-05 45 0.55560-05

4 6 0 5S 0-05 .. 0.550 0 0 24 8 0.55'0-05 24 0.55.30-05 Z30 0.55 95-OS

251 0.55V23-05 52 0.5592D-05 253 0.55200-05 25' 0.55310-05 55 0.55980-05

256 0.55^30-05 257 0.55OD-05 255 0.55Q0-05 259 0.55?D-05 60 0.559QD-05

261 0.55 22-05 262 .55 98- 05 63 0.55 80- OS 64 0.55 90 -05 65 0.55930-05

66 0.55 - 4-0 27 0.5500-05 26 3 0.5510-05 246 0.55cD-05 270 0.55 90-05

7 1 0 .55 92D-05 272 0.5 601-05 73 0.56010- o5 74 0.560 5- OS 75 0 .5605 0-05

276 0.5:160-05 277 0.53770-05 78 0.507C0-05 279 0.58770-05 280 0.65430-05

Z81 0.52310-05 28 0.7970-05 63 0.798D-05 284 0.7350-05 285 0.7390-05

276 0.740 0-05 287 0.74170-05 283 0.7 60-05 289 0.7 70-05 292 0.76 0-05

291 0.- 620-C5 292 0.74650-05 293 0.81500-05 294 0.81500-
0
1 Z95 0.81560-05
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Table 6 (Contd.)_
296 0.81560-05 297 0,81560-05 298 0.8158:-05 299 0.81690-OS 300 0.8176D-05
301 0.818CD-05 302 0.01930-05 303 0.82030-05 304 0.82060-05 305 0.821ZD-OS
306 0.2200-05 307 0.822OD-05 308 0.0233D-05 309 0.823]D-05 310 0.8:33D-05
311 0.-2330-05 312 0.8,33D-05 313 0.8233D-05 314 0.6239D-05 315 0.024Z0-05
316 0.EZ530-05 317 0.6257D-05 318 0.8Z9-4D-05 319 0.82C50-05 320 0.8Z97D-05
321 0.6297D-05 322 0.8297D-05 323 0.8303D-05 324 0.8315D-05 325 0.83150-0S
326 0.61150-05 327 0.83150-05 326 0.83150-05 3Z9 O.&315D-05 330 0.83150-05
331 0.63150-05 332 0.03150-CS 333 0.6315-05 334 0.8315D-05 335 0.83150-05
336 0.E315D-05 337 0.83150-05 318 O.83:5O-05 339 0.6315D-O5 340 0.83150-05
341 O.31!-D-05 342 0.83150-05 343 0.83150-05 3'4 0.83150-OS 345 0.83150-05

346 0.63150-05 3c.7 0.8315D-05 3-48 0.8318D-05 349 0.8310-05 350 0.83l'D-05

351 O.63220-05 352 0.832-,0-05 353 0.632-0-05 354 0.65Q3D-05 355 0.9010-05
356 O.c3070-05 357 0.947cD-05 358 0.IOIOD-04 359 0.10120-04 360 0.1012D-04
361 0.1315D-04 3R2 0.1010D-04 363 0.101C0-04 364 0.1010Q-0O 365 0.1087D-04

3s.t O.1C:70-0O 3t7 0.10'30-04 3t8 0.1093D-0O 169 0.10010-0O. 370 0.10950-04
371 0.10-'D-04 372 0.1OD50-C4 373 0.10950-04 374 0.1095D-04 375 0.I090s-O0

376 O.I>0-0O 377 0.10 0O-0O 378 0.I100-04 379 0.109oD-04 350 0.l0070-04
351 0.l>ED-04 332 0.109qD-04 383 0.10900-04 384 0.1101D-04 385 0.11010-04
3Z 0.11CD-0. 337 0.11020-04 383 0.1103D-04 339 0.11030-04 390 0.110VD-0
391 O.iIGID-O' 39, 0.11030-0O 393 0.11030-04 394 0.11030-04 395 0.110!0-04

3C6 0.11C3D-04 397 0.11030-04 398 0.11030-04 399 0.1103D-04 400 0.1103D-04
401 O.1C0-C4 40' 0.110-D-04 403 0.11030-04 404 0.11030-04 405 0.11041)-04

406 O.IIC,.)-04 '07 0.1l100-04 40 0.113:3-04 '.09 0.11l10-04 410 0.1tcO-,0
,11 0.11;-0-04 412 0.1244D-0O 413 0.I26uD-04 414 0.12660-04 415 0.12730-04
.16 0.1:730-' 417 0.1281D-04 418 0.1,33D-04 419 0.1240-0O. 420 0.12,50-04

421 0.1Cc.D-04 4,22 0.1200D-04 423 0.12COD-04 424 0.12000-O4 425 0.13^5D-04
4.6 0.135 0-04 427 0.13520-04 4Z^8 0.1355D-04 4^9 0.135*0-04 430 0.135;0-04

431 0.1>5C-O4 432 O.13600-O4 433 0.13670-04 434 0.13o7D-0. 435 0.13(70-04
'36 0.12570-0 437 0.13570-0- 438 0.13:70-0O4 439 0.135S0-0 440 0.1372M-04
441 0.137Z0-0 442 0.137C0-04 443 0.137D-04 o.4 0.13740-04 445 0.1375D-04
4,6 0. 37S0-0 447 0.13750-4 443 0.13750-04 - 49 0.13750-0 450 0.13750-04

451 0.137D-0. 45Z 0.1375D-04 '53 0.137F0-C0 454 0.1375D-04 5 0.137D-0
456 0.1375D-04 457 0.13750-04 458 0.1375D-04 459 0.13750-04 460 0.1370-04
4o1 0..37;0-04 462 0.14110-0. 463 0.14 5 "--04 4t'. 0.14630-0 465 0.1545D-0
-4c6 0.t,5.s0-04 467 0.1 5So0-0O 468 0.15500-04 '69 0.15530-04 470 0.1557D-0

471 0.1537D-044 472 0.1550-0 473 0.15bID-04 47 0.16300-04 475 0.1630D-04

'76 0.1,310-04 477 0.16310-04 478 O.Ic'31D-0 479 0.1631D-04 400 0.1632D-04

461 0.16333-04. 482 0.1t.3.D-0O4 483 0.163(,0-04 484 0.1637D-04 485 0.I630O-O
456 0.. 2?-0 .7 O.IteCO-c4 45 0.163'0-04 '59 0.163QD-04 490 0.16OD-0
491 0.1t.0D-0- 4), 0.1(.41D-04 493 0.16410-0. 494 0.1b430-04 495 0.16.430-0.

'96 0.164-.D-04 497 0.1644D-04 493 O.t6ZE-D-0O 459 0.1645D-04 500 O.:6,60-04

501 O.'tt,D-O4 502 0.t646D-04 503 0.16460-04 50 0.1 b460-04 505 0.164,0-'
506 0.lt-3-0. 507 0.16. 6D-0. 03 0. ,400-0. 509 0.16-.6D-04 510 0.16-.t,0-0-4
511 O.IC,.

7
3-0 512 0.1047D-04 513 0.173,.D-04 514 0.1902D-04 515 0.10004O

516 0.1;0"-04 517 0.1qO4D-0O 518 O.eCC40-0O 519 0.100S0-04 520 0.1980t,-04

521 0.1Q.0-0. 52 0.IQOCD-04 523 0.19100-04 524 0.191O-04 525 0.19110-04

526 0.1110-04 527 0.19110-0 528 0.191'0-04 529 0.1915D-04 530 O.IQ15-0
531 0.S1l6D-04 532 0.1916D-04 533 0.19130-04 534 0.191C0-04 535 0.191'0-04
516 O.Iqlt0-04 537 0.19180-04 538 0.1018040' 539 0.191C0-04 540 0.191C0-0

5A 0.1110-0. 542 0.101(0-04 543 0.19180-04 544 O.tlQ8D-04 545 0.1q180-04
546 O.itco-04 547 0.1qtO-04 548 0.191-04 549 0.20110-04 550 0.20100-04

551 0-C:CD-0O 552 O.2O96D-' 553 0.:0960-04 554 O.ZO060-04 555 0.06D-04
556 0.1:ID-0 557 0.,1050-04 558 0.2173D-04 559 0.21730-04 560 0.21730-04
561 0.:174D-04 562 0.21740-04 563 0.1740-04 564 0.21750-04 565 0.21OD-04

566 O.:I1:D-04 567 0.182D-04 568 0.213D-04 569 0.2133D-04 570 0.21070-04
571 0.1:.135-04 572 0.218S0-0O 573 0.Z190D-04 574 0.19C0D-04 575 0.2gO0-04
576 0-2I 2D-0O 577 0.:1900-04 578 O.ZI2OD-04 579 0.21900-04 530 0.21900-04
581 0.ZZ170-04 582 0.2:750-04 583 0.23600-04 584 0.23760-04 585 0.23760-04
566 0. 37i0-0O 557 0.24450-04 588 O.445D-04 509 0.24450-04 590 O.Z4'q.-04
591 n 530-04 592 O.2Z'530-04 593 0.Z'.540-04 504 0.Z4540-"' 595 0.2454D-04
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Table 6 (Corntd.)
596 0.24540-04 597 0.24550-04 598 0.24560-04 599 0.24570-04 600 0.2457D-04
601 0.2458D-04 602 0.2459D0-04 603 0.24600-04 604 0.24620-04 605 0.24620-04
606 0.246ZD-04 607 0.246C0-04 608 0.246C0-04 609 0.25460-04 610 0.26400-04
611 0.27170-04 612 0.,7170-04 613 0.Z7170-04 614 0.27170-04 615 0.27190-04
616 0.Z7190-04 617 0.2725D-04 618 0.27250-04 619 0.27250-04 620 0.Z7C60-04
62 0.272CO-04 622 0.27200-04 623 0.272%-04 624 0.273ZO-04 625 0.27330-04
626 0.27330-04 627 0.27330-04 6Z8 0.Z8260-04 629 0.29110-04 630 O.Zq&3D-04
631 0.Z9330-04 632 0.29330-04 633 0.29900-04 634 0.29940-04 635 0.29970-04
636 0.Z997D-04 637 0.29970-04 638 0.990-04 639 0.29980-04 640 0.29980-04
641 0.30010-04 642 0.300Z0-04 643 0.30030-04 644 0.30040-04 645 0.303CO-04
646 0.3175D-04 647 0.31910-04 648 0.32600-04 649 0.32600-04 650 0.3:6Z0-04
651 0.3U680-04 652 0.3260-04 653 0.32690-04 654 0.326q0-04 655 0.32730-04
656 0.3Z750-04 657 0.32770-04 658 0.32770-04 659 0.32770-04 660 0.32770-04
661 0.32770-04 662 0.32770-04 663 0.32770-04 664 0.32770-04 665 0.32770-04
666 0.353-0-C4 667 0.35320-04 668 0.353Z0-04 669 0.353Z0-04 670 0.3533D-04
671 0.353;3-04 672 0.35380-04 673 0.35410-04 674 0.3545D-04 675 0.35450-04
676 0.35,50-04 677 0.35460-04 673 0.35470-04 679 0.35450-04 630 0.35.30-04.
661 0.37270-04 682 0.35030-04 683 0.35030-04 684 0.35000-04 685 0.3 t:0-04
o65 0.3S820-04 657 0.33180-04 653 0.33200-04 689 0.33200-04 690 0.3sc00-04
691 0.33200-04 6;Z 0.401O0-C4 693 0.4075D-04 694 0.40760-04 695 0.40760-04
6S6 0.-0810-04 697 0.4033D-04 693 0.40330-0,4 699 0.40339-04 700 0.40330-04
701 0.40330-04 702 0.40830-04 703 0.40840-04 704 0.40860-04 705 0.40530-04
706 C.40;'0-04 707 0.409Z0-04 708 0.4ZlfD-04 709 0.4,730-04 710 0.4347D-04
711 0.43470-04 712 0.43470-04 713 0.43530-C4 714 0.43550-04 715 0.435o0-04,
716 0.43570-04 717 0.435,0-04 718 0.435D-04 719 0.43590-04 7ZO 0.43630-04
721 0.436-0-04 722 0.43630-04 723 0.43630-04 724 0.44410-04 725 0.45 1-04
726 3.45tD-04 727 0.46160-04 728 0.46190-04 729 0.46190-04 730 0.46200-04
731 0.46C70-04 732 0.46,70-04 733 0.46,270-04 734 0.46Z70-04 735 0.46310-04
736 0.4>310-C4 737 0.43C30-04 738 0.439OD-04 739 0.43910-04 740 0.48960-04
741 0.45920-04 742 0.43990-04 743 O, 0O50-04 744 0.40070-04 745 0.50930-04
746 0.517CD-04 747 0.51730-04 743 0.517-0-04 749 0.51700-04 750 0.54330-04
751 0.543.0-04 752 0.54410-04 753 0.544D0-04 754 0.54420-04 755 0.54420-04
756 0.54;50-04 757 0.54450-04 753 0.5#500-04 759 0.54500-04 760 0.54500-04
761 0.57CcO-04 762 0.57060-04 763 0.57C60-04 764 0.57060-04 765 0.57060-04
766 0.57130-04 767 0.57140-04 768 0.572Z0-0. 769 0.572Z0-04 770 0.57 0-04
771 0.59350-04 772 0.59770-04 773 0.50350-C-t 774 0.593e0-D4 775 0.5q3'0-04
776 0.5993D-04 777 0.62420-04 778 0.6Z490-04 779 0.6CSID-04 780 0.62510-04
781 0.6Z570-04 782 0.6Z570-04 783 0.6ZS80-04 784 0.62600-04 785 0.626!n-04
786 0.62650-04 787 0.64470-04 783 0.65200-04 789 0.65211)-04 790 0.65210-04
791 C.65210-C4 7'-2 0.65210-0-4 793 0.65240-04 794 0.65310-04 795 0.65370-04
796 0.65370-04 707 0.679-0-04 713 0.670Z0-04 799 0.67#20-04 800 0.67430-04
801 0.67q;0-04 802 0.67060-04 803 0.706.l0-04 804 0.70640-04 605 0.70640-04
806 0.70640-04 807 0.70660-04 808 0.7060-0. 809 0.70bqO-04 810 0.70700-04
all 0.70720-04 612 0.70750-0O 813 0.70,50-C4 814 0.733S0-04 815 0.73350-04
816 0.73350-04 817 0.73360-04 818 0.73'19-04 819 0.73430-04 82O 0.73430-04
821 0.73500-04 822 0.76070-04 823 0.76070-04 824 0.76070-04 825 0.76110-04
6Z6 0.761,D-04 827 0.76170-C4 828 0.7870-04 829 0.78700-04 830 0.76370-04
831 0.61510-04 832 0.815C0-04 833 0.815Q0-04 83.4 0.6,20-04 835 0.8420-04
836 0.84::0-04 837 0.84270-04 838 0.S4300-04 839 O.C4310-04 840 0.84340-04
841 0.66C50-04 842 0.870Z0-04 843 0.870Z0-04 844 0.80550-04 845 0.80650-04
686 C.S;3-D-04 847 0.89o60-04 848 0.02370-04 849 0.92!30-04 850 0.92470-04
851 C.9250-0. 852 0.950CO-0O 853 0.95120-04 854 0.95130-04 855 O.q5|71-0
856 0.95:0-04 857 0.95240-04 858 0.95Z50-04 859 0.95SD-04 860 0.969SO-04
-A 0.97300-04 862 0.97300-04 863 0.97600-04 864 0.97310-04 865 0.9700-04
866 0.97910-04 867 0.10050-03 868 0.10060-03 869 0.10060-03 870 0.10060-03
871 0.10060-03 872 0.103,0-03 873 0.10320-03 874 0.10330-03 875 0.10330-03
876 0.10330-03 877 0.10330-03 878 0.10330-03 879 0.10340-03 880 0.103S0-03
881 0.10600-03 882 0.10600-03 883 0.10600-03 684 0.10600-03 885 0.10610-03
836 0.10570-03 857 0.I008-03 88 0.10-10-03 889 0.1080D-03 890 0.11140-03
891 0.1140-03 892 0.11140-03 893 0.11140-03 894 0.11150-l, 391 0.11150-03
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896 0.11330-03 897 0.114ID-03 898 0.:410-03 899 0.11420-03 900 0.11430-03
901 0.11680-03 902 0.11680-03 903 0.11680-03 904 0.1169D-03 905 0.11690-03
906 0.11700-03 907 0.119-0-03 908 0.11960-03 909 0.11960-03 910 0.1106-03
911 0.12230-03 912 0.12510-03 913 0.12510-03 914 0.12680-03 915 0.12690-03
916 0.12770-03 917 0.12780-03 918 0.12060-03 919 0.13050-03 920 0.13320-03
911 0.13330-03 922 0.135.80-03 923 0.13500-03 924 0.13500-03 925 0.13590-03
926 0.13-D-03 027 0.1370D-03 928 0.13S60-03 929 0.13060-03 930 0.14130-03
931 0.14140-03 932 0.14670-03 933 0.14670-03 934 0.1520-03 935 0.15Z20-03
936 0.15400-03 937 0.15490-03 938 0.15760-03 939 0.15760-03 940 0.157D-03
941 0.16030-03 942 0.165q0-03 943 0.16850-03 944 0.16850-03 945 0.171:0-03
946 0.17120-03 947 0.173eD-03 048 0.173;0-03 949 0.18200-03 950 0.18200-03
951 0.18200-03 952 0.18200-03 053 0.182C0-03 954 0.18470-03 955 0.18760-03
956 0.100-03 957 0.19560-03 958 0.1030-03 959 0.10830-03 960 0.20100-03
961 0.20660-03 962 0.20660-03 963 0.21200-03 964 0.21730-03 965 0.22010-03
966 0.222 n-03 967 0.Z22eD-03 068 0.22Z00-03 969 0.Z2830-03 970 0.23650-03
971 0.23010-03 972 0.23910-03 973 0.2390-03 974 0.Z4450-03 975 0.24730-03
976 0.24730-03 977 0.25540-03 978 0.25540-03 979 0.25550-03 900 0.26630-03
981 0.26630-03 982 0.2700D-03 983 0.29540-03 084 0.29380-03 9S5 0.3:060-03
086 0.36130-03 987 0.391:0-03 938 0.40750-03 989 0.40760-03 990 0.42650-03
991 0.42650-03 912 0.43200-03 913 0.46460-03 994 0.48090-03 915 0.4r640-03
996 0.4917D-03 997 0.55150-03 998 0.55160-03 999 0.79340-03 1000 0.11820-02
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Fiqure 24 -Cumiulative Density Function of Damage Distribution

NOTES.
MAXIMUM DAMAGE -1.182 x103 1-
87% OF UNITS HAVE LESS THAN 0.1 D 0 AMAGE

Figure 25 -Distribution of Extreme Damage in 10 Years.
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CONCLUSIONS AND RECOM~ENDATIONS

In this report a methodology for estimating the time to failure

of rockets by usinq probabilistic analysis has been described and

illustrated. In particular, a probabilistic model of the environment

to which rockets are exposed in real life situations was developed.

As an example, the Sidewinder rocket motors were considered, and the

realistic environmental and logistic (i.e., movement of rockets from

one location to another) data were probabilistically modeled. The

methods used are qeneral and can be applied to other rockets. Sev-

eral computer proqrams were written in the course of this project
with the final aim beinq the development of a probabilistic environ-

mental model that predicts the time to failure of rockets. Failure

occurs when the rocket has exceeded an allowable level of cumulative

damage. In this report the damage was caused by thermal stresses due

to external temperature only. There are other causes hsides temper-

ature for damage in rockets (such as shock and vibration, chemical

aging of the propellant, humidity, and radiation). It is recommended

that these other effects be added into the damaqe calculation.

The Sidewinder damage calculations indicate the need for an

extensive analysis of captive flights, which is the single most dam-

aginq environment. In spite of the relatively short portion of its

life that a rocket spends in captive flight, the damage incurred is

nore than 100 times the damage that occurs in storage.

For Sidewinder rockets, the Navy storage locations are situated

in mild climates. The most damaging location was Tokyo/Atsuqi. The

damage during storage is minimal. Rockets aboard ships also exper-

ience a mild temperature. The surrounding sea acts as a temperature

stabilizer and ships do not frequently travel in very cold and Icy

waters where damage could be higher. Truck and train transportation

and air transportation are more damaqinq than storage but (at least
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two orders of magnitude) less damaging than captive flight. In cap-

tive flight the rocket is directly exposed to the surroundings, and

the air temperature at high altitude can he very cold and hence cause

a larger amount of damage because the damage rate is large.

These results suqgest the need for a follow-on effort for a more

extensive analysis of captive flights. For example, careful measure-

ments of rocket skin and propellant temperatures during captive

flights are suggested (there are presently a limited number of

reports describinq temperature variations during captive flights [NWC

TP 5365, Part 1 and Part 2]14 ). The measured temperatures then can

be used to compare with computed transient temperatures through the

propellant cross section. Finally, coupling this with a viscoelastic

analysis program (possibly deter's code "Travis'22 ) allows deter-

minatior. of stresses. From this data, the damage during captive

flight can be established as a function of several important param-

eters such as (1) flight altitude, (2) time to achieve this altitude,

(3) flight speed, (4) position of rocket on the plane (there can be

differences in skin temperatures of rockets depending on where they

are Dlaced on the plane), (5) descent time. This information can be

computerized, and by describing the characteristics of every cantive

flight (i.e., the flight altitude, rise time, etc.), the relative

damaqe for each rocket in a fleet could he monitored. The rockets

which accumulate most significant levels of damaqe should be expend-

ed, discarded or used subsequently in "less damaginq" flights. The

ultimate objective of this proposed scheme is to maximize combat

readiness by reducing rocket failures and increasing the overall life

expectancy.

An activity should be initiated to establish the location within

the propellant most susceptible to damage from fluctuations in the

external temperature. The analyses in this report are based on the

assumption that the bore is the critical location. Although it is
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known that this is an important location for occurrence of maximum
stresses under some conditions, the assumption that this is the most
critical location from the standpoint of damage is not proven.
Neither have we shown that "flaw", i.e., a crack, is equivalent to
end of useful life.

Installation of the computer codes developed during the course
of this project on a China Lake Naval Weapons Center computer system
is also planned. These programs can be used for other rockets with
different dimensions and properties by simply modifying the input
data. The environmental data and logistics (movement of rockets) can
be determined for the specific rocket by using these codes in a simi-
lar manner as was done for Sidewinder.
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I'PENDIX A

Cumulative Density Functions of Storage Location

Temperature Ampl itudes
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APPENDIX B

Parameters Used for the Solution

of the Heat Equation
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E(r) = ber p2r + c ker p2r - d kei p2r

F(r) = bei p2r + c kei p2r + d ker P2r

where

P2 /- k2

= frequency (annual Or diurnal)

k2 - thermal diffusivity of propellant

ber, bei, ker, dei are Kelvin functions of order zero (Ref. 23)

c = Re (o)

d - Im (o)

1I("TP 2a) 1(./Tpa) - -2 I1 (.TP7a) I o(/ P2a)

C 
=  

I 1K1(-"T p2a) Io(VT Pia) + 1 I(."T pl1a)  Ko0(,- P2a)

22
PI w W/kl (kI is the thermal diffusivity of air)

i - /-T1

Io, II, Ko, KI are modified Bessel functions (Ref. 23)

CI and C2 are thermal conductivities of air and propellant
respectively.
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MVPENDIX C

Location Codes

(Duration of Stay in Each Location

Transition Markov Matrix)
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IOCKET LO ION CODES NU!5ER 01 iS SPENT IN EACH LOCATION
1 USA 60 CArD I 0.4775E+06

21 HALE 2 0.1227E+06 60 0... OE*03
3 ISAE 62 GAI 3 0.2304E+05 61 0.2170E+034 WED

3KITT 6 KISK 4 0.9034E+05 62 0.1166E04
6 K I4 D 5 0.8318E+04 63 0.3300E+03

7 1, JE 65 NPG 6 0.1393E*02 64 0.2300E+03
66 CVSG- 7 0.1360E+05 65 0.5220EO04
6 C7 GFI 8 0.1514E+05 66 0.4000E+01

10 MIKW 63 FSRPA 9 0.5076E
4
05 67 0,4946E'01

I0 CONS 10 0.3494E
4
05 68 O.2740E*03

12 SUIC 11 0.1086E*05 69 0.3071E+03
12 0.1O01E405 *ABSORBING STATE* 1913 CONC 13 0.6297E+05 *ABSORBING STATE* 43

14 YUIA 14 0.9695E+04 *t.BSORBING STATE* 48
15 SEAL IS 0.4734E

4
04 * BSORBING STATES SI

16 MIRA 16 0.2Q6IE*O5 *ABSORBING STATE* 52
17 DALL 17 0.4470E+03 *ABSORBING STATE* 54
18 PANG 18 0.4092E+04

19 KVIE 19 0.3687E#04
20 ENTE 20 0.1862E+05
21CPIS 2l 0.5590E+04
22 Sf5 22 0.9790E

4
03

23 ATSUG 23 0.8090E*03
24 SEAR 24 0.1975E*04
^5 SL7 25 0.411qE*03
26 C!EA 26 0.1177E+05
27 ELT 27 0.2107E#04
28 S-PA 23 0.1903E

4
05

29 BUTT 
29 0.7503E404

30 tMI 30 0.8113E+04
31 FOUP 31 0.2417E+04

32 pCOS 32 0.6877E+0433 NA IlA 33 0.309ZE404
34 KADE 34 0.0550E+03
35 FLN 35 0.1200E

4
02

36 HULL 36 0.1950E403
37 ItC 37 0.2383E+04
3S IJAFS 35 0.2Q80E

4
03

39 B4KE 39 0.2296E*04
40 BEAU 40 0.4537E+04
41 AOR5 41 0.1400E+02

43 SINSP 42 0.1800E*02

44 "'ER 44 0.2439E+05
45 FOP 45 0.1898E+04
46 DOfG 46 -0.2542*SO0
47 DET 47 O.297SEtO4

- 48 VF-17 -" 48 0.700OE+03
49 IIITR 49 0.1192E*04
50 NELL 50 0.1230E#03
51 VF-43 51 0.ISOE*04
52 FOTA 52 0.1215E*04
53 \F-10 53 0.9110E+03
54 VF-II 54 0.7000E+03
55 CHER 55 0.2953E+04

- 56 EISEN - 56 0.2402E+04
57 KEY 57 0.8589E-03
58 CANI 58 0.0
59"IWAK 59 0.5029E#04
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RELATIVE - SPENT IN EACH LOCATION
1 0. 430E 04

O.1496E+04 60 .t ,..OE
4
02

3 0.2560E404 61 *,1085E+03
0.6022E*03 62 *.1665E#03

5 0.594;1E+03 63 0.1267E+03
6 0.1393E+02 64 0.2300E+03
7 0.7157E+03 65 0.2610E*04
8 0.5824E+03 66 0.2000E*01
9 0.7356E+03 67 0.4946E+01
10 0.5294E403 68 0.2740E+03
II 0.8356E+03 69 0.7546E-01
12 0.3708E+03
13 0.7'09E+03
14 0.4S48E404

15 O.5C60E+03
16 0.1974E#04
17 0.4470E+03
18 0.5e46E03
19 0.3687E*04
^0 0.7163E*03
I1 0.242E403
^2 0. 18,E+03
23 0.202ZE+03
24 0.3950E

4
03

25 0.1030E*03
26 0.3677E#03
27 0.1053E*04
28 0.3660E+03
29 0.3003E+03
30 0.3527E+03
31 O.,^417E+04
32 O.1;46E+04
33 0.7731E*03
34 0.9550E

4
03

35 0.3000E#01
36 0.6500E+02
37 0.119E

4
04

38 0.7450E#02
39 0.2551E#03
40 0.5671E*03
41 0.7000E#OI
42 0.1800E*02
43 0.1735E*04
414 0.9750E*03
45 *.9489E*03
46 -0.8472E-01
47 0.4958E*S3
-8 0.7000E#03
49 0.1490E*03
50 0.1230E*03
S 0.1880E*04
52 0.1215E'04
53 0.9110E*03
54 0.7000E*03
55 0.1477E+04
56 0.1201E*04
57 0S4295E+03
58 0.0
59 0.4191E+03
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THE PROBABILITY MATRIX

ROW NUMBERX I

1 0.0 2 0.004301 3 0.032258 4 0.008602 5 0.0
6 0.002151 7 0.023656 8 0.0 9 0.156989 10 0.017204

a1 0.008602 12 0.0 13 0.010753 14 0.00o452 15 0.00430f
16 0.025806 17 0.0 18 0.004301 19 0.004301 C0 0.006452

21 0.0 22 0.0 23 0.0 24 0.010753 25 0.008602

26 0.062366 27 0.0 28 0.101075 29 0.049462 30 0.030108
31 0.002151 32 0.017204 33 0.002151 34 0.0 35 0.0

3,6 0.0 37 0.0 38 0.002151 39 0.010753 40 0.017204
41 0.002151 42 0.0 43 0.002151 44 0.047312 45 0.0

46 0.0 47 0.010753 48 0.0 49 0.015054 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.004301

56 0.0 57 0.004301 58 0.0 59 0.002151 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
6 0.0 67 0.0 68 0.0 69 0.281720

ROW NUMBER= 2
1 0.118812 2 0.0 3 0.009901 4 0.059406 5 0.009901

6 0.0 7 0.0 8 0.029703 9 0.0 10 0.168317

11 0.0 12 0.039604 13 0.19800 14 0.0 IS 0.029703

16 0.009901 17 0.0 18 0.009901 19 0.0 20 0.0

21 0.009901 22 0.009901 23 0.0 24 0.0 25 0.0

26 0.009901 27 0.009901 28 0.0 29 0.0 30 0.009901
31 0.0 32 0.009901 33 0.009901 34 0.009901 35 0.0.9703
36 0.0 37 0.0 38 0.0 39 0.0 ,40 0.0

.1 0.0 42 0.0 43 0.0 44 0.009901 45 0.0

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.009901 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.188119

POW NUMBER= 3
1 0.700000 2 0.0 3 0.0 4 0.0 5 0.0

6 0.0 7 0.0 8 0.100000 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 Is 0.0

16 0.100000 17 0.0 180 0.0 t9 0.0 20 0.0

2I 0.0 22 0.0 23 0.0 2 4 0.0 25 0.0

26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.n 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 38 0.0 39 0.0 40 0.0

C*1 0.0 42 0.0 43 0.0 44 0.0 -5 0.0

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

-66 0.0 67 0.0 68 0.0 69 0.100000

ROW NUMBER= 4
1 0.027650 2 0.225806 3 0.004608 4 0.0 5 0.036866

6 0.0 7 0.004608 8 0.041475 9 0.004608 10 0.105991

11 0.027650 12 0.0 13 0.064516 14 0.0 15 0.009C17
16 0.050691 17 0.0 18 0.0 19 0.004608 20 0.018433

ZI 0.018433 22 0.0 23 0.0 24 0.0 2-5 0.0
:26 0.0 27 0.004608 28 0.0 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.004608 38 0.004608 39 0.0 40 0.0

',1 0.0 42 0.0 43 0.0 44 0.009217 45 0.0
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46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.004608 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.013825
66 0.0 67 0.0 68 0.004608 69 0.308756

ROW NUMBER: 5
1 0.007916 2 0.007916 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.002639
11 0.0 12 0.0 13 0.002639 14 0.0 Is 0.0
16 0.0 17 0.002639 18 0.002639 19 0.0 20 0.002639
21 0.0 C2 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.002639
31 0.002639 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.00.639 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.963061

POW NUMBER= 6
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.500000 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 210 0.0
21 0.0 22 0.0 23 0.0 Z-4 0.0 ^25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 35 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.500000

POW NUMBER= 7
1 0.085890 2 0.0 3 0.0 4 0.006135 5 0.0
6 0.0 7 0.0 8 0.006135 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.006135 17 0.0 18 0.0 19 0.0 20 0.006135
.1 0.0 2' 0.0 23 0.0 .4 0.0 2^5 0.0

26 0.0 27 0.0 28 0.006135 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 '3 0.0 44 0.0 45 0.0

'46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
01 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.883436

RCW NUMBER: 8
1 0.013825 2 0.0 3 0.004608 4 0.009217 5 0.009217

" , 0.0 7 0.0 8 0.0 9 0.004608 10 0.009217
11 0.004608 12 0.0 13 0.032258 14 0.004608 15 0.0
16 0.009217 17 0.004608 18 0.0 19 0.0 20 0.0
21 0.0 22, 0.0 23 0.0 24 0.0 25 0.0
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26 0,0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0046G8
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.004608 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.004608 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.880184

POW NUMBER= 9
1 0.105286 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.003367
11 0.003367 12 0.0 13 0.013468 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.006734
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.003367 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.003367 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.003367 53 0.0 54. 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.767677

ROW NUMBER= 10
1 0.004637 2 0.005410 3 0.0 4 0.000773 5 0.0
6 0.0 7 0.0 8 0.002318 9 0.001546 10 0.0
11 0.0 12 0.013138 13 0.003091 14 0.001546 15 0.0
16 0.0 17 0.0 18 0.000773 19 0.0 20 0.001546
ZI 0.000773 22 0.0 23 0.002318 24 0.0 2'5 0.0
26 0.0 27 0.0 28 0.000773 29 0.0 30 0.0
31 0.0 32 0.0 33 0.000773 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.000773
41 0.0 42 0.000773 43 0.0 44 0.003091 4.5 0.0
46 0.002318 47 0.0 48 0.0 49 0.000773 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.000773 62 0.0 63 0.002318 64 0.0 65 0.000773
66 0.0 67 0.0 68 0.0 69 0.948995

POW NUMBER= 11
1 0.009390 2 0.004695 3 0.0 4 0.0 5 0.0
6 0.0 7 0.004695 8 0.004695 9 0.004695 10 0.0
11 0.0 12 0.004695 13 0.004695 14 0.0 Is 0.^

16 0.009390 17 0.0 1 0.0 19 0.0 20 0.009390
11 0.0 22 0.0 23 0.0 24 0.0 25 0.0

-26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.004695 33 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.938967
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ROW NUMBER: 12
1 0.031250 2 0.250000 3 0.0 4 0.0 5 0.0

6 0.0 7 0.0 8 0.0 9 0.0 10 0.187500
1 0.0 17 0.0 13 0.250000 1' 0.0 15 0.0
16 0.031250 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.031250 29 0.0 30 0.031250
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.031250 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.156250

ROW NUMBER= 13
1 0.080000 2 0.100000 3 0.010000 4 0.030000 5 0.010000
6 0.0 7 0.0 8 0.040000 9 0.0.C 10 10 0.020000

11 0.010000 12 0.020000 13 0.0 14 0.030U00 15 0.0
16 0.030000 17 0.0 18 0.020000 19 0.010000 20 0.140000
21 0.140000 22 0.010000 23 0.0 24 0.0 2'5 0.0
26 0.020000 27 0.010000 28 0.0 29 0.0 30 0.010000
31 0.0 32 0.010000 33 0.020000 34 0.0 35 0.0
36 0.0 37 0.0 38 0.010000 39 0.0 40 0.0
,41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.010000 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.030000 60 0.0
61 0.010000 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.150000

RCW NUMBER= 14
1 0.0 2 0.005495 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 10 0.0
21 0.0 22 0.0 23 0.005495 Z4 0.0 C5 0.0
26 0.0 27 0.0 2'8 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.989011

ROW NUMBER: 15
1 0.090909 2 0.090909 3 0.0 4 0.090909 5 0.090909
6 0.0 7 0.0 8 0.0 9 0.090909 10 0.090909
it 0.090909 12 0.0 13 0.090909 14 0.0 15 0.0
16 0.0 17 0.0 i8 0.0 19 0.0 2"0 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 2"9 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 4,3 0.0 44 0.0 4.5 0.0

-46 0.0 47 0.090909 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 6' 0.0 t,3 0.0 ,4 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.181818
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ROW NUMBER: 16
1 0.080000 2 0.040000 3 0.0 4 0.0 5 0.0

6 0.0 7 0.0 8 0.020000 9 0.0 10 0.020000

11 0.020000 12 0.020000 13 o.ozoooo 14 0.020000 15 0.020000 -

16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

:1 0.0 22 0.0 23 0.0 :4 0.0 C5 0.0

26 0.020000 27 0.0 28 0.0 "9 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 38 0.0 39 0.0 40 0.0

41 0.0 42 0.0 43 0.0 44 0.0 45 0.0:0000

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.700000

ROw NUMBER: 17
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0

6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0

16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

1 0.0 22 0.0 23 0.0 :'4 0.0 25 0.0

26 0.0 27 0.0 28 0.0 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 38 0.0 39 0.0 40 0.0

41 0.0 42 0.0 43 0.0 44 0.0 45 0.0

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.500000 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.500000

POW Nt IBER= 18
1 0.125000 2 0.062500 3 0.0 4 0.0 5 0.0

6 0.0 7 0.0 8 0.062500 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0

16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

21 0.0 22 0.0 23 0.0 24 0.0 2!5 0.0

26 0.0 27 0.0 28 0.062500 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 38 0.0 39 0.0 40 0.0

41 0.0 42 0.0 43 0.0 44 0.0 45 0.0

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.062500 60 0.0

61 0.0 62 0.062500 63 0.0 64 0.0 65 0.0

-66 0.0 67 0.0 6, 0.0 69 0.562500

ROW NUMBER: 19

1 0.0 2 0.0 3 0.0 4 0.0 5 0.0

6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0

16 0.0 17 0.0 18 0.0 19 1.000000 c0 0.0

Z1 0.0 22 0.0 23 0.0 24 0.0 2.5 0.0

-26 0.0 27 0.0 28 0.0 .9 0.0 30 0.0
"31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 38 0.0 39 0.0 40 0.0

41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
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46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 6910.000000

ROW NUMBER= 20
I 0.007937 2 0.003968 3 0.0 4 0.00198 5 0.001934
6 0.0 7 0.001984 8 0.00198. 9 0.001984 10 0.001984

I1 0.001984 12 0.001934 13 0.009921 1' 0.0 15 0.00193'
16 0.0 17 0.0 18 0.0 19 0.0 C0 0.0
21 0.0 22 0.0 23 0.0 24 0.0 C25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.001984 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 5o 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.009921
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.948413

ROW NUMBER: 21
1 0.0 2 0.044118 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.014706 10 0.0

II 0.0 12 0.0 13 0.132353 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
.1 0.0 22 0.088235 23 0.0 24 0.0 2,5 0.0

26 0.0 27 0.0 28 0.0 219 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 53 0.0 50 0.0
46 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.720588

POW NUMIBER= Z'2

I 0.0 2 0.555556 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 22 0.0 13 0.444444 24 0.0 15 0.0
16 0.0 27 0.0 28 0.0 19 0.0 3"0 0.0
31 0.0 32 0.0 23 0.0 34 0.0 35 0.0
3.6 0.0 37 0.0 28 0.0 39 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 60 0.0
51 0.0 62 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0

1 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

POW NUMBER= 23

1 0.0 12 0.750000 3 0.0 4 0.0 5 0.0
16 0.0 7 0.0 8 0.0 9 0.0 10 0.0

"11 0.0 1-2 0.0 13 0.0 14 0.0 Is 0.0
16 0.0 17 0.0 Is 0.0 19 0.0 2'0 0.0

LI 0.0 22 0.0 23 0.0 24 0.0 25 0.0
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26 0.0 27 0.0 Z6 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0250000 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER: 24

1 0.428571 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

i 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.142857 17 0.0 18 0.0 19 0.0 C0 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
"6 0.0 27 0.0 28 0.0 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.142857
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0585714

ROW NUMBER= 25
I 0.400000 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.?00000
12 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.200000 19 0.0 0 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
2 6 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
o1 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.200000

ROW NUMBER= 26
I 0.100000 2 0.0 3 0,0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.020000 10 0.0
il 0.0 12 0.0 13 0.020000 14 0.0 15 r ,
16 0.0 17 0.0 18 C.0 19 0.0 2.0 0.0

21 0.0 22 0.0 23 0.0"0000 Z4 0.0 25 0.0
116 0.0 27 0.020000 28 0.020000 29 0.0 30 0.060000
31 0.0 32 0.040000 33 0.0 34 0.0 35 0.0
36 0.0 37 0.020000 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.040000 45 0.0
46 0.0 47 0.0 48 0.040000 49 0.0 50 0.0
51 0.020000 52 0.0 53 0.040000 54 0.020000 55 0.0

56 0.100000 57 0.0 58 0.020000 59 0.0 60 0.0
6l 0.0 62 0.0 63 0.0 64 0.0 65 0.0

-66 0.040000 67 0.0 68 0.0 69 0.360000

ROW NUMBER: 27

1 0.0 2 0.0 3 0.0 4 0.250000 5 0.0
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6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.250000
16 0.0 17 0.0 18 0.0 19 0.0 '0 0.0
21 0.0 22 0.0 ."3 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 ,"9 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.500000

ROW NUMBER= 28
I 0.307143 2 0.0 3 0.0 4 0.007143 5 0.0
6 0.0 7 0.014286 8 0.0 9 0.007143 10 0.0

11 0.0 12 0.0 13 0.007143 14 0.0 15 0.0
16 0.007143 17 0.0 18 0.0 19 0.0 C0 0.007143
21 0.0 2'2 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 29 0.014C86 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0,0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.628571

RCW NUMBER= 29
I 0.653846 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
I1 0.0 1 2 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.038462
"1 0.0 2"2 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 9 0.0 30 0.230769
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.038462 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.038462

POW NUMBER= 30
1 0.363636 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 t0 0.0

II 0.0 12 0.0 13 0.0 14 0.0 is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
11 0.0 ^2 0.0 23 0.0 24 0.0 25 0.0

Z6 0.018182 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 0. 0.0
41 0.0 42 0.0 43 0.0 44 0.036364 45 0.0

-46 0.0 47 0.0 45 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
tI 0.0 b-, 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.581818
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POW NUMBER: 31
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
1t 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 ,0 0.0
21 0.0 22 0.0 23 0.0 ,24 0.0 25 0.0
26 0.083333 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
.61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.916667

ROW NUMBER
= 
32

1 0.157895 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
I 0.0 Z2 0.052632 23 0.0 24 0.0 25 0.0
26 0.105263 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
*1 0.0 42 0.0 43 0.0 44 0.0 45 0 0
46 0.0 47 0.0 4S 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.664210

PCW NUMBER: 33
I 0.083333 2 0.0 3 0.0 4 0.0 5 0.0
1 0.0 7 0.0 8 0.0 9 0.0 10 0.0
II 0.0 1, 0.0 13 0.083333 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 210 0.0

21 0.0 2 0.0 23 0.0 24 0.0 2^5 0.0
Z6 0.083333 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.083333 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 L3 0.0 44 0.0 45 0.0
46 0.0 47 0.0 -+8 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54. 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 0 P P
61 0.0 62 0.0 63 C.0 64 0.0 65 0.0

-66 0.0 67 0.0 68 0.0 69 0.666667

ROW NUMBER: 34
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
II 0.0 It 0.0 13 1.000000 14 0.0 Is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 2.0 0.0
^1 0.0 22 0.0 23 0.0 25 0.0

-26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 3s 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 .
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0

140



NWC TP 6305

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 35
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.250000
I1 0.0 12 0.C50000 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 219 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.500000 37 0.0 33 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 36
I 0.0 2 0.333333 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.666667 14 0.0 Is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 210 0.0
Z1 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 33 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 so 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER
= 
37

1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
II 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.500000 17 0.0 18 0.0 19 0.0 ^"0 0.0
21 0.0 22 0.0 23 0.0 2'4 0.0 C 5 0.0
26 0.500000 27 0.0 28 0.0 2.9 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0

-46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

POW NUMBER= 38
1 0.500000 2 0.0 3 0.0 4 0.250000 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 Is 0.0 19 0.0 C0 0.0
21 0.0 2"2 0.0 23 0.0 ^4 0.0 ^5 0.0
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26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0,0 33 0.0 34 0.0 35 0.0
36 0.0 37 0,0 38 0.0 39 0.250000 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
5! 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 39
I 0.800000 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
It 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 .2 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.100000 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
'41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 6' 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.100000

ROW NUMBER
= 
40

I 0.146341 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
II 0.0 12 0.024390 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 i8 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0,024390
56 0.0 57 0.0 58 0.0 59 0.0 60 0,0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.804878

ROW NUMBER= 41
1 1.000000 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 Is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
^1 0.0 22 0.0 23 0.0 24 0.0 25 0.0

-26 0.0 27 0.0 C8 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 5Z 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 6, 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

-66 0.0 67 0.0 68 0.0 69 0.0
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ROW NUMBER
= 
42

1 0.0 2 0.0 3 1.000000 4 0.0 5 0.0

6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0

16 0.0 17 0.0 is 0.0 19 0.0 ^0 0.0

21 0.0 22 0.0 23 0.0 24 0.0 C5 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.031 0.0 32 0.0 33 0.0 34 0.0 35 0.036 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER
= 
43

I 0.0 2 0.0 3 0.0 0 0.0 5 0.0

6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

1 0.0 12 0.0 13 0.0 14 0.0 15 0.0

16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

21 0.0 22 0.0 23 0.0 Z4 0.0 25 0.0
.6 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0

41 0.0 42 0.0 43 1.000000 44 0.0 45 0.0

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.0

ROW NUM3ER
= 44

1 0.034483 2 0.002463 3 0.0 4 0.0 5 0.002-463

6 0.0 7 0.0 8 0.002463 9 0.0 10 0.00463

11 0.0 12 0.0 13 0.0 14 0.0 Is 0.0

16 0.0 17 0.0 18 0.0 19 0.0 10 0.002,463

1 0.0 22 0.0 23 0.0 24 0.0 25 0.0

26 0.0 27 0.0 I8 0.002463 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 38 0.0 39 0.004926 40 0.002463

41 0.0 42 0.0 43 0.0 44 0.0 45 0.00C463

46 0.0 47 0.002463 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.93842.

ROW NUMBER= 45
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0

6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

1i 0.0 12 0.0 13 0.052632 14 0.0 Is 0.0

16 0.0 17 0.0 18 0.0 19 0.0 20 0.0

"1 0.0 22 0.0 2.3 0.0 24 0.0 25 0.0

26 0.0 27 0.0 28 0.0 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

, 36 0.0 37 0.0 38 0.0 39 0.0 40 0.0

41 0.0 42 0.0 43 0.0 44 0.052632 45 0.0

-46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 6. 0.0

66 0.0 67 0.0 68 0.0 69 0.894737
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ROW NUhBER= 46
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 ;0 0.428571

i1 0.0 12 0.0 13 0.0 14 0.0 I5 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 ,2 0.0 23 0.0 24 0.0 25 0.0
6 0.0 27 0.0 28 0.0 29 0.0 30 0.0

31 0.0 32 0.0 33 0.o 34 o.0 35 0.0
36 0.o 37 0.0 38 0.0 39 0.0 40 0.0

441 0.0 2 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.571429

ROW NUtBER= 47
1 0.375000 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.125000 8 0.0 9 0.0 10 0.0

II 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
"1 0.0 C2 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.125000 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
4 0.0 '2 0.0 43 0.0 44 0.125000 45 0.0
,:6 0.0 47 0.0 4,8 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.C
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.250000

PCW NUMBER: 48
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

II 0.0 1:2 0.0 13 0.0 1,4 0.0 1s 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
.6 0.0 27 0.0 28 0.0 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 1.000000 49 0.0 50 0.0
SI 0.0 52 0.0 53 0.0 5' 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 '.0
61 0.0 62 0.0 63 2.0 64 0.0 65 0.0

-66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMiER= 49
1 0.44444' 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 2 0 0.0
^1 0.0 22 0.0 23 0.0 '4 0.0 25 0.0

-26 0.0 27 0.0 28 0.111111 29 0.0 30 0.111111
31 0.0 32 0.111111 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
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46 0.0 47 0.0 48 0.0 49 0.0 50 0.111t1I
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 O.111ll

ROW NUMBER= 50
1 0.500000 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 to 0.0
II 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 2"0 0.0
1 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.500000

ROW NUMBER: 51
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
tI 0.0 12 0.0 13 0.0 14 0.0 Is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0

36 0.0 37 0.0 33 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 1.000000 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 6'. 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

POW NUMBER: 52
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 ^0 0.0
2.1 0.0 22 0.0 23 0.0 4 0.0 Z-5 0.0
26 0.0 2^7 0.0 28 0.0 Z. 0.0 33 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 '2 0.0 43 0.0 34 0.0 45 0.0
36 0.0 '.7 0.0 '8 0.0 49 0.0 50 0.0

51 0.0 52 1.000000 53 0.0 5' 0.0 55 0.0
56 0.0 57 0.0 58 0.0 5<) 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 53

I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
i1 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
-1 0.0 22 0.0 213 0.0 54 0.0 25 0.0
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26 0.500000 27 0.0 28 0.0 29 0.0 30 0.0
3: 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 4.Z 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.500000

ROW NUMBER= 54
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.0

16 0.0 17 0.0 18 0.0 19 0.0 .20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 2.9 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
3, 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 4Z. 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 1.000000 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER: 55
1 0.500000 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0

II 0.0 12 0.0 13 0.0 14 0.500000 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 Z20 0.0
21 0.0 2 0.0 Z3 0.0 24 0.0 Z5 0.0
2.6 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
31 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 56
1 0.111111 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 ,.0

11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 2.0 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0

-26 0.111111 27 0.0 -8 0.0 ,29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

,66 0.0 67 0.0 68 0.0 69 0.777778
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ROW NUMBER: 57
f 0.0 2 0.034483 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 1.0 10 0.034483

1: 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 ?2 0.0 23 0.0 24 0.0 "5 0.0
26 0.0 27 0.0 28 0.0 .9 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
31 0.0 32 0.0 33 0.0 34 0.0 '5 0.0
36 0.0 47 0.0 46 0.0 39 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.931034

ROW NUi1BER= 58
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 68 0.0 9 0.0 10 0.0

I1 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 12 0.0 23 0.0 24 0.0 15 0.0
16 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 30 0.0
31 0.0 3.2 0.0 43 0.0 34 0.0 35 0.0
36 0.0 47 0.0 '8 0.0 39 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 1.000000 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0., 67 0.0 68 0.0 69 0.0

ROW NUMBER
= 

59
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.031250

11 0.0 12 0.125000 13 0.093750 14 0.0 15 0.0
16 0.0 17 0.0 t8 0.031 50 19 0.0 2'0 0.0

,1 0.0 22 0.0 23 0.0 L^4 0.0 C5 0.0
26 0.0 27 0.0 28 0.0 2'9 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 '2 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.093750 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.625000

ROW NUMBER= 60
1 0.0 2 0.0 3 0.0 4 0.400000 5 0.0

- 6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.600000
16 0.0 17 0.0 is 0.0 19 0.0 Z"0 0.0
21 0.0 2. 0.0 -3 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 2,9 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42' 0.0 43 0.0 44 0.0 45 0.0

-,#6 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 S5 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
6I O.D C 0.0 63 0.0 b4 0.0 65 0.0
66 0.0 6. 0.0 68 0.0 69 0.0
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POW NUMBER= 61
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.500000
I1 0.0 12 0.0 13 0.500000 14 0.0 15 0.0
16 0.0 17 0.0 1s 0.0 19 0.0 .0 0.0
21 0.0 ^2. 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
-6 0.0 37 0.0 3s 0.0 39 0.0 40 0.0
41 0.0 4.^ 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 53 0.0 59 0.0 60 0.0
ti 0.0 t,2 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 62
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 In (1.0
11 0.0 12 0.083333 13 0.033333 14 0.0 1b ,J.,
16 0.0 17 0.0 18 0.0 19 0.0 ,"C 0.11
L1 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 ,29 0.0 30 0.0
31 0.0 32 0.0 33 0.083333 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.333333 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.416667

ROW NUMlBER= 63
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.666667 13 0.333333 14 0.0 is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 2'2 0.0 23 0.0 '4 0.0 -"5 0.0
Z6 0.0 27 0.0 t8 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 43 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

-66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 64
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 1.000000 9 0.0 10 0.0
I 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 210 0.0
.1 0.0 22 0.0 23 0.0 24 0.0 25 0.0
-6 0.0 27 0.0 Z3 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 32 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
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46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 65
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.055556
I1 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 ;7 0.0 18 0.0 19 0.0 20 0.0
21 0.0 2 0.0 23 0.0 24 0.0 2.5 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 3Z 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
.6 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.944444

ROW NUMBER= 66
I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
II 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.500000 27 0.0 .8 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.500000 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

ROW NUMBER= 67

I 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
it 0.0 12 0.0 13 0.0 14 0.0 Is 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
1 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.500000 28 0.0 219 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0

-46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
01 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 60 0.500000

ROW NUMBER: 68
t 0.0 2 1.000000 3 0.0 4 0.0 5 0.0

- 6 0.0 7 0.0 8 0.0 9 0.0 to 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 2.2 0.0 23 0.0 24 0.0 25 0.0
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26 0.0 27 0.0 28 0.0 29 0.0 30 0.0

31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 4.5 0.0
46 0.0 47 0.0 '48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0

POW NUMBER= 69
1 0.0 2 0.0 3 0.0 4 0.0 5 0.0
6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
16 0.0 17 0.0 18 0.0 19 :.0

7 0.0 12 0.0 13 0.0 19 0.0 20 0.0
36 0.0 22 0.0 "3 0.0 39 0.0 4.5 0.0
'6 0.0 47 0.0 48 0.0 49 0.0 30 0.0
3I 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 38 0.0 39 0.0 60 0.0
61 0.0 62 0.0 63 0.0 4 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 so0o.0
51 0.0 52 0.0 53 0.0 54* 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
61 0.0 62' 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.0
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M)PENDIX D

Distances Between Sidewinder Locations
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ROCKET LULAIIUNS 60 CArlD CAMOEN AOE-2
I ISA YORKTOWN VA 61 HALE HALEKALA AE-25

P511 SUBIC BAY PR 62 GAI H C H 15 HAG
3 ISRAC ISPAEL 63 KISK KISKA AE-35
4 W50 FALLBPOOK CA 64 D59 HANCOCK CV-19
5 KITT KITTY HAWK CV-63 65 HPG HAM PHONG
6 GUAM AGAt4A GLIAM 66 CVSG- CVSG
7 INDE IINDEPENdEIICE CV-62 67 GFI HCtl II MAG
8 CORA CORAL SEA CV-43 68 FSRPA FORCE SERVICE REG 3
9 JFK JFV CV-67 69 CAPTIVE FLIGHT

I0 FIDW MIDWAY CV-41
I I CONS CONSTELLATIOtN CV-64
12 SUBIC SUBIC BAY NAVMAG
I 3 CC:tC CONCORD CA
14 YU!IA YUIIA AZ
IS SEAL SEAL BEACH CA
16 MIPA IIIPAAR CA
17 DALL DALLAS TX
IS RANG RANSER CV-61
19 KANE KAtIEONE HI
.0 ELITE ENTERPRISE CVN-65
:I OPIS ORISKAINY CV-34
i2 SIIAS SHASTA AE-33
23 ATSUG ATSUGI JA
24 EB1.R SANTA BARVARA AE-28
Z5 SURI SURIBACIII AE-21
2b CCEA OCEANA VA
27 ELT EL TORO CA
"8 SARA SARATOGA CV-60
29 DtUTT BUTTE AE-27
30 tJillI tIIIITZ CVII-68
31 FORR FORRESTAL CV-59
3Z ROOS ROOSEVELT ROADS PR
33 NAHA HAHA OKINAWA
34 StDE KADENA
35 FLItl FLINT AE-32
36 HULL USS HULL
37 t!1C PT. NlUGU CA
33 NAFS SIGONELLA ITALY
39 PANE 1t. BAIER AE-34
,.0 EEAU BEAUFORT SC
41 A0?S WADASH AOR-S
.2 N0? Nt'RFOLK VA
,43 SIINGP SINGAPORE
•4 AMER AMERICA CV-66
45 FDR F. D. ROOSEVELT CV-4

46 DAtG DA HANG VIETNAM
47 DET DElROIT AOE-4
48 VF-17 VF-17
49 HITR NIIO AE-23
50 NELL NELLIS AFB NV
51 vr-43 VF-43
52 ROTA ROTA SPAIN
53 VF-I VF-10
54 VF-I1 VF-11
55 CHER CHERRY PT. NC
56 EISE14 EISENOUER CVN-69
57 KEY KEY WEST FL
53 CtUi CANISTEO AO-99
54 IVAK IWAKUtI JA
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ROCKET LOCATION: I
FROM TO MILES

2 YORKTOWN VA SUBIC BAY PR 9086
1 3 YORKTOWN VA ISRAEL -595
1 4 YORKTOWN VA FALLBROOK CA

6 YOKTOwN VA AGANA GUAM
7 YOqKTOtN VA INDEPENDENCE CV-62
9 YORKTOWIN VA JFK CV-67

1 10 YORKTOWN VA MIDWAY CV-4I
I 1 YORKTOWN VA CONSTELLATION CV-64

I 13 YORKTOWN VA CONCORD CA 2903
, 14 YORKTO', VA YUMA AZ

1 15 YORKTOWN VA SEAL BEACH CA
1 16 YORKTOWN VA MIRAMAR CA 2734
I 18 YORKTOWN VA RANGER CV-61
1 19 YORKTO:AN VA KANEOHE HI 5016
1 20 YORKTOWN VA ENTERrRISE CVN-6S
I 24 VORKTOWN VA SANTA BARBARA AE-28
I 25 lOPK7O!lN VA SURIBACHI AE-21
I 26 YORKTONN VA OCEANA VA 49
1 28 YORK7OFWN VA SARATOGA CV-60
1 29 YORKTOWN VA BUTTE AE-27
I 30 YORKTOWN VA NIMITZ CVN-68
1 31 YOPKTOWN VA FORRESTAL CV-59
I 32 YORKTOWN VA ROOSEVELT ROADS PR 1409
1 33 YOPKTOWN VA NAHA OKINAWA 8222
I 3S YORKTOWN VA SIGONELLA ITALY 4593

39 YOKI OW'N VA MT. BAKER AE-34
40 )CPKTOlJR' VA BEAUFORT SC 497

I 41 YOPKTCJN VA WABASH AOR-5
43 YORKTOIN VA Slt'P'PORE 10,5091 414e )ORKTODN VA AME IICA Z.V-661 47 )ORKTOIHl VA DETROIT AOE-4

49 YOrKTO19,4 VA NITRO AE-23
55 YOPKTO1, VA CHERRY PT. NC 224
57 YOPKTOWIN VA KEY WEST FL

I 59 YOr KTOll VA IWAKUI41 JA 1065
I 69 YORKTOWN VA CAPTIVE FLIGHT 7959

ROCKET LtA. *IIOtt= 2
F ROM TO MILES

2 1 SUBIC BAY PR YORKTOWN VA 9086
2 3 SUBIC BAY PR ISRAEL 6461
2 4 SUBIC BAY PR FALLBROOK CA 7089
2 S SUBIC DAY PR KITTY HAW CV-63
2 8 SUBIC BAY PR CORAL SEA CV-43
2 10 SJBIC BAY PR MIDWAY CV-41
2 12 SUBIC BAY PR SUBIC BAY RAVMAG
2 13 SUBIC BAY PR CONCORD CA 6183
2 Is SUBIC BAY PR SEAL BEACH CA
Z 16 SIJBIC BAY PR MIRAMAR CA 7068
2 18 SUBIC BAY PR RANGER CV-61
2 21 SUDIC DAY PR ORISKA14Y CV-34
2 22 SUDIC BAY PR SHASTA AE-33
2 Z6 SUDIC BAY PR OCEANA VA 9135
2 27 SUBIC BAY PR EL TORO CA 7199

%2 30 SU3IC SAY PR NIMITZ CVN-68
2 32 SUBIC BAY PR ROOSEVELT ROADS PR 10,746
2 33 SUSIC BAY PR NAIIA OKINAWA 915
2 34 SUBIC BAY PR KADENA 928
2 35 SUBIC BAY PR FLINT AE-32
2 4 SUBIC BAY PR AlIERICA CV-66
2 5? SUBIC BAY PR IWAKUII JA 1538
2 69 SUBIC BAY PR CAPTIVE FLIGHT
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qOCKET LOLA1Otf 3
FROt TO MILES3 1 ISRAEL YORKTOWN VA 55953 8 ISRAEL CORAL SEA CV-43

3 16 ISRAEL MIRAMAR CA 8085
3 69 ISRAEL CAPTIVE FLIGHT

ROCKET LU...dION= 4
FROM TO MILES4 I FALLPOOK CA YORKTOWN VA 26944 2 FALLEROOK CA SUBIC BAY PR 72494 3 FALLBROOK CA ISRAEL

4 5 FALIEROOK CA KITTY HAWK CV-634 7 FALLBROOK CA I DEPEtNDENCE CV-62
4 8 FALLTF'OOK CA CORAL SEA CV-434 9 FALLEPOOK CA JFK CV-67
4 10 FALLBPOOK CA MIDWAY CV-414 II FALLEPOOK CA COIISTELLATIOIN CV-644 13 FALLEPOCK CA CON~cORD CA 5064 15 FALLEPOOK CA SEAL BEACH CA 77

16 FALLBEPOOK CA MIRAMAR CA 444 19 FAILE3POOK CA KANEOIIE HI 2300
SR0 FALIEPOOK CA ENTERPRISE CVN-654 21 FALLEROOK CA ORISKANY CV-344 27 FALLROOK CA EL TOPO CA 594 37 FA LEPOOK CA PT. MUGU CA 1654 38 FALLBROOK CA SIGONELLA ITALY 72874 44 FALLSPOQK CA AMERICA CV-664 59 FALLBROOK CA IWAKUNI JA 61994 65 FALLBPOOK CA NAM P014G 8148
4 68 FALLROOK CA FORCE SERVICE REG 34 69 FALe900K CA CAPTIVE FLIGHT

ROCKET LOLAlIOH= 5
FPOTI TOI KITTY HAWK CV-63 YORKTOWN VA

5 2 KITTY HAWK CV-63 SUBIC BAY PRS 10 KITTY HAWK CV-63 MIDWAY CV-41
5 13 KITTY HAWK CV-63 COJCORD CA
5 17 KITTY HAK CV-63 DALLAS TX5 18 KIITY HAWK CV-63 RANGER CV-615 20 F ITTf H A K CV-63 ENTERPRISE CVN-6S
5 30 KITTY HANK CV-63 NIHITZ CVN-68
5 31 KITTY HAWK CV-63 FORRESTAL CV-595 38 KITTY HAIUI CV-63 SIGONELLA ITALY5 69 KITTY HANK CV-63 CAPTIVE FLIGHT

ROCKET LU,.,TfICN= 6
F RO" TO

6 7 AGANA GUAI INDEPENDENCE CV-62
6 69 AGANA GUAM CAPTIVE FLIGHT

POCKET LOLA0IUN: 7
FROM TO7 t I1IEEIIIDEtICE CV-62 YORKTOWN VA7 4 I1JDEPEUtDECE CV-62 FALLBROOK CA

7 8 IIEPENDENCE CV-62 CORAL SEA CV-43
7 16 IlDEPEDECE CV-62 MIRAMAR CA
7 20 I"DEPEJDEtICE CV-62 ENTERPRISE CVN-657 28 INDEPENDEt1CE CV-62 SARATOGA CV-60
7 69 IIO'DEPE14DEt.CE CV-62 CAPTIVE FLIGHT
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ROCKET LL.,,ION= 8
FROM TO

8 I CORAL SEA CV-43 YORKTOWN VA
8 3 CORAL SEA CV-43 ISRAEL
8 4 CCqAL SEA CV-43 FALLBROOK CA
8 5 CCRAL SEA CV-43 KITTY HAWK CV-63
8 9 CORAL SEA CV-43 JFK CV-67
8 10 CORAL SEA CV-43 MIDWAY CV-41
8 II CORAL SEA CV-43 COISTELLATION CV-64

8 13 CORAL SEA CV-43 CONCORD CA
8 If COPAL SEA CV-43 YUt1A AZ
8 16 CORAL SEA CV-43 MIRAMAR CA
8 17 CORAL SEA CV-43 DALLAS TX
8 35 CORAL SEA CV-43 FLINT AE-32
8 44 CORAL SEA CV-43 AMERICA CV-66
8 59 CORAL SEA CV-43 IWAY'UNI JA
8 69 CORAL SEA CV-43 CAPTIVE FLIGHT

ROCKET LOLAIiOtiz 9
FPOM TO

9 1 JFK CV-67 YORKTOWN VA
9 10 JFK CV-67 MIDWAY CV-41
9 I1 JFK CV-67 CONSTELLATION CV-64.
9 13 JFK CV-67 COtICOPD CA
9 20 JIK CV-67 ENTERPRISE CVN-65
9 26 JFK CV-67 OCEANA VA
9 39 JFK CV-67 MT. BAKER AE-34
9 52 JrK CV-67 ROTA SPAIN
9 69 JFK CV-67 CAPTIVE FLIGHT

ROCKET LULAtION=10
FROM TO

I0 1 MIDJAY CV-41 YORKTOWN VA
t0 2 MIDAY CV-41 SUBIC BAY PR
10 4 MIDWAY CV-41 FALLBRODK CA
tO 8 MIDWAY CV-41 CORAL SEA CV-43
10 9 MIDWAY CV-41. JFK CV-67
10 12 lIIDIAY CV-'I SUDIC BAY NAVMAG
10 13 MID1WAY CV-41 CONCORD CA
10 14 MIDWAY CV-41 YUMA AZ
10 18 HIDWAY CV-41 RAUSER CV-61
I0 2.0 IDWAY CV-41 ENTERPRISE CVN-65
10 1"1 MIDWAY CV-4I ORISKANJY CV-34
10 23 IIIDWAY CV-41 ATSUGI JA
10 Z3 IDWAY CV-41 SARATOGA CV-60
10 33 MIDWAY CV-41 NAHA OKINAWA
tO 40 IDNAY CV-41 BEAUFORT SC
10 42 MIDWAY CV-41 NORFOLK VA
10 44 IIIDWAY CV-41 AMERICA CV-66
tO 46 IItlDWAY CV-4t DA NtIAG VIETNAM
10 49 tlIDWAY CV-41 NITRO AE-23
10 61 MIDWAY CV-4l HALEKALA AE-2S
10 63 MIiDWJAY CV-41 KISKA AE-3S
10 65 MIDWAY CV-4I NAM PHOtG
10 69 IIID|AY CV-4t CAPTIVE FLIGHT

ROCKET LOLAI1ON=l
FROM TO

I t 1 CONSTELLATION CV-64 YORKTOWN VA
It 2 CONSrELLATION CV-64 SUBIC BAY PR
II 7 COIISTELLATION CV-64 INDEPENDENCE CV-62
It 8 CO1SIELLATION CV-64 CORAL SEA CV-43
II 9 CCNSTELLATIOI CV-64 JFK CV-67
II 12 COUSIELLATION CV-64 SUBIC BAY NAVMAG
11 13 COIIELLATION CV-64 CONCORD CA
11 16 CONSTELLATION CV-64 MIRAMAR CA
it 20 CONSTELLATION CV-64 ENTERPRISE CVN-65
II 37 CONSTELLATIONJ CV-64 PT. MUGU CA
1 69 CONSTELLATION CV-64 CAPTIVE FLIGHT
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ROCKET LOLAIIOtI:1 2
FROM TO

12 I SUBIC BAY NAVMAG YORKTOWN VA
12 2 SUVIC BAY tAVIAG SUBIC BAY PR
12 10 EU!IC BAY NAVtrAG MIDWAY CV-41
12 13 SUCIC BAY HAVlAG CONCORD CA
12 16 SUID1C BAY NAVMAG MIRAMAR CA
12 28 SU3IC BAY NAVMAG SARATOGA CV-60
12 30 SUBIC DAY NAVtIAG HIMITZ CVN-68
12 36 SUBIC BAY NAVlAG USS HULL
12 69 SUBIC BAY NAVHAG CAPTIVE FLIGHT

ROCKET LULAlIIONl3
FROM TO MILES

13 1 CONCO YD CA YORKTOWN VA 290?
13 2 COCORD CA SUBIC BAY PR 6343
13 3 CONCORD CA ISRAEL 8253
13 4 CONCORD CA FALLBROOK CA 506
13 5 CONCORD CA KITTY HA1K CV-63
13 8 CCNCORD CA CORAL SEA CV-43
13 9 COICORD CA JFK CV-67
13 10 COCORD CA MIDWAY CV-41
13 11 CONCORD CA CONSTELLATION CV-64
13 12 CONCORD CA SUBIC BAY NAVMAG 6343
13 14 CONCORD CA YUIA AZ 654
13 16 CONCORD CA MIRAMAR CA 502
13 18 CONCORD CA RANGER CV-61
13 1 9 CONCORD CA KANEOHE HI 2133
1 3 20 CONCORD CA ENTERPRISE CVN-65
13 ^21 COJCORD CA OPISKANY CV-34
13 :22 CONlCORD CA SHASTA AE-33
13 26 CONICORD CA OCEANA VA 2952
13 27 CONCOPD CA EL TORO CA 436
13 30 CONCORD CA NItIIZ CVN-68
'3 32 CCtCORD CA ROOSEVELT ROADS PR 4403
35 33 CONCORD CA NAHA OKINAWA 5319

13 38 CONCOPD CA SIGONELLA ITALY 7246
13 51 CONCORD CA VF-43
13 59 CONCORD CA IWAKUNI JA 5056
13 61 CONOP CA HALEKALA AE-25
13 69 CONCORD CA CAPTIVE FLIGHT

POCKET LO ,k IONl=14
FROM TO MILES

14. 2 YUMA AZ SUBIC BAY PR 7390
14 23 YUIIA AZ ATSUGI JA 9078
14 69 *UTIA AZ CAPTIVE FLIGHT

POCKET LfiA iON15
FROM TO MILES

15 1 SEAL BEACH CA YORKTOWN VA 2700
15 2 SEAL BEACH CA SUBIC DAY P 7017
15 4 SEAL BEACH CA FALLBROOK CA 77
15 5 SEAL BEACH CA KITTY HANM CV-63
15 9 SEAL BEACH CA JFK CV-67
is 10 SEAL BEACH CA MIDWAY CV-41
Is II SEAL BEACH CA CONSTELLATION CV-64
IS 13 SEAL BEACH CA CONCORD CA 418
15 47 SEAL BEACH CA DETrOIT AOE-.
15 69 SFAL BLACH CA CAPTIVE FLIGHT
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ROCKET LO.., ION=f6
FROM TO MILES

16 I MIPAHIAR CA YORKTOWN VA 2734
16 2 MIRAIIAR CA SUBIC BAY PR 7228
16 8 MIRAIAR CA CORAL SEA CV-43
16 10 IIRAIIAR CA MIDWAY CV-41
16 I I tiAIIAR CA CONSTELLATION CV-64
16 12 1IRAIIAR CA SUBIC BAY NAVMAG
16 13 tIRAIIAR CA CONCORD CA52
16 14 IIIRAt1AR CA YUMA AZ 1
16 15 MIRAtIAR CA SEAL BEACH CA 2
16 26 MIPAMAR CA OCEANA VA 2703
16 45 MIRAHAR CA F. 0. ROOSEVELT CV-4
16 69 MIRAtAR CA CAPTIVE FLIGHT

ROCKET Le., f1Otll=17
FRO" TO MILES

17 59 DALLAS TX IWAKUHI JA 7500
17 69 DALLAS TX CAPTIVE FLIGHT

ROCKET LOL.AI ION
=

18
FROM TO

18 I RANGER CV-61 YORKTOWN VA
18 2 RANGER CV-61 SUBIC BAY PR
Is 8 RAN4GER CV-61 CORAL SEA CV-43
18 28 RANGER CV-61 SARATOGA CV-60
18 59 RAN1GER CV-61 IWAKUNI JA
18 62 RANGER CV-61 H t 1 IS FAG
18 69 RANGER CV-61 CAPTIVE FLIGHT

ROCKET LOLAIION
=

19
FPOM TO

19 69 KANEOHE HI CAPTIVE FLIGHT

ROCKET LOLAIION=20
FROM TO

20 I ENTERPRISE CVN-65 YORKTOWN VA
10 2 ENlTERPRISE CVIJ-65 SUBIC BAY PR
20 4 ENTERPRISE CVN-65 FALLBROOK CA
20 5 ENTErPISE CVN-65 KITTY HAWK CV-63
20 7 Ei ERPRISE CVN-65 INDEPEtIDENCE CV-62
Z0 8 EfIlERPRISE CVN-65 CORAL SEA CV-43
20 9 ENTERPRISE CVN-65 JFK CV-67
20 10 ENITERPRISE CVN-65 MIDWAY CV-41
20 11 ENTERPRISE CVN-65 CONSTELLATION CV-64
20 12 ENTERPRISE CVN-65 SUBIC BAY NAVMAG
20 13 ElTERPRISE CVN-65 CONCORD CA
20 IS ENTERPRISE CVN-65 SEAL BEACH CA
c0 44 ENrERPF'RISE CVN-65 ANERICA CV-66
20 60 ENTERPRISE CVN-65 CAMDEN AOE-2
0 69 ENTERPRISE CVN-65 CAPTIVE FLIGHT

ROCKET LOLATION-21
FRON TO

21 2 ORISKANY CV-34 SUBIC BAY PR
21 9 ORISKANY CV-34 JFK CV-67
21 t3 ORISKANY CV-34 CONCORD CA
21 22 ORISKANY CV-34 SHASTA AE-33
21 69 ORISKA14Y CV-34 CAPTIVE FLIGHT
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ROCKET LOE, I IOt*22
FROM TO

22 2 SHASTA AE-33 SUBIC BAY PR
zz 13 SHASTA AE-33 CONCORD CA

ROCKET LOLA IION=23
FROM TO MILES

23 2 AISUGI JA SUBIC BAY PR

23 37 ATSUGI JA PT. MUGU CA

ROCKET LOLAI ION=24
FROM TO

24 I SANTA BARBARA AE-28 YORKTOWN VA
24 16 SANTA BARBARA AE-28 MIRAMAR CA
24 40 SANTA BARBARA AE-28 BEAUFORT SC

24 69 SANTA BARBARA AE-28 CAPTIVE FLIGHT

ROCKET LOCATION=2S
FROM TO

25 1 StRIBACHI AE-21 YORKTOWN VA
:5 10 SURIBACHI AE-21 MIDWAY CV-41

25 18 SUPIBACHI AE-21 RANGER CV-61
25 69 SURIBACHI AE-21 CAPTIVE FLIGHT

ROCKET LOLA[ION:26 MILES
FROM TO

26 I OCEANA VA YORKTOWN VA 49
96 9 OCEANA VA JFK CV-67

26 13 OCEANA VA CONCORD CA 2952
2 6 23 OCEANP VA ATSUGI JA 7498
26 27 CCEANA VA EL TORO CA 2796
26 28 OCEANIA VA SARATOGA CV-60

1b 30 OCEANA VA NIHITZ CVN-68
16 32 OCEAtlA VA ROOSEVELT ROADS PR 1354

f, 37 OCEANA VA PT. MUGU CA 2816
.:6 44 OCCANA VA AtIERICA CV-66
'6 48 OCEANA VA VF-17
26 51 OCEANA VA VF-43,
26 53 OCEANA VA VF-10
26 54 OCEANA VA VF-tt
26 56 OCEANA VA EISENHOWER CVN-69
Z6 58 OCEANA VA CANISTEO AO-99

'6 66 OCEANA VA CVSG
26 69 OCEANA VA CAPTIVE FLIGHT

POCKET LOLAIION=27
FROM TO MILES

27 4 EL TORO CA FALLBROOK CA 59
27 IS EL TORO CA SEAL BEACH CA 30
27 69 EL TOPO CA CAPTIVE FLIGHT

ROCKET LOL.AIIt,1=28
FROM TO

28 I SARATOGA CV-60 YORKTON VA
25 4 SARATOGA CV-60 FALEBROOK CA
28 7 SARATOGA CV-60 INDEPENDENCE CV-62
28 9 SARATOGA CV-60 JFK CV-67
^8 13 SARATOGA CV-60 CONCORD CA
11 16 SARATOGA CV-60 MIPAtIAR CA
8 20 SARATOGA CV-60 ENTERPRISE CVN-65

28 29 SARATOGA CV-60 BUTTE AE-27
28 69 SARATOGA CV-60 CAPTIVE FLIGHT
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POCKET LOLAfION:29
FROM TO

29 I BUTIE AE-27 YORKTOWN VA
29 20 BUTTE AE-27 ENTERPRISE CVN-65
29 30 BUTTE AE-27 NIMITZ CVN-68
29 41 BUTTE AE-27 WABASH AOR-S
29 69 BUTTE AE-27 CAPTIVE FLIGHT

ROCKET LOCATIOtI30
FROM TO

30 I NIriiZ CVN-68 YORKTOWN VA
30 26 NIllITZ CVU-68 OCEANA VA
30 ,.4 HIMtITZ CVN-68 AMERICA CV-66
30 69 NIIiITZ CVN-68 CAPTIVE FLIGHT

ROCKET LOAIION31
FROM TO

31 26 FOPRESTAL CV-59 OCEANA VA

31 69 FORRESTAL CV-59 CAPTIVE FLIGHT

ROCKET LOC.ION=32
FROM TO MILES

32 I ROOSEVELT ROADS PR YORKTOWN VA 1409
32 26 ROOSEVELT ROADS PR SCASTA AE-33
32 26 ROOSEVELT ROADS PR OCEANA VA 1354
32 69 ROOSEVELT ROADS PR CAPTIVE FLIGHT

ROCFET LOLA[I04=33
FROM TO MILES

33 t NAIIA OKINAWA YORKTOWN VA 8222
33 13 NSHA OKINAWA CONCORD CA 5319
33 26 NAHA OKINAWA OCEANA VA 8271
33 34 NAHIA OKINAWA KADENA 13
33 69 NAHA OKINAWA CAPTIVE FLIGHT

POCKET LO(,I ION:34

FROM TO MILES
34 13 KADEHA CONCORD CA 5306

ROCKET LOCAIION:35
FROM TO

35 10 FLINT AE-32 MIDWAY CV-41
35 12 FLINT AE-32 SUBIC BAY NAVMAG
35 36 FLINT AE-32 USS HULL

ROCKET LULAIION:36

FROM TO
36 2 USS HULL SUBIC BAY PR
36 13 USS HULL CONCORD CA

POCVET LOATION=37
FROM TO MILES

37 16 PT. MUGU CA MIRAMAR CA 202
3? 26 PT. MIUGU CA OCEANA VA 2816
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ROCKET LOC. I MONI38
FROM TO MILES

38 1 SIGOtlELLA ITALY YORKTOWN VA 4593
38 4 SIGOIELLA ITALY FALLBROOK CA 7287
38 39 SIGONELLA ITALY MT. BAKER AE-34

ROCKET LOIAATION39
FROM TO

39 1 MT. BAKER AE-34 YORKTOWN VA

39 28 MT. BAKER AE-34 SARATOGA CV-60

39 69 MT. BAKER AE-34 CAPTIVE FLIGHT

ROCKET LC ,. IOM=4O
FROtM TO MILES

40 I BEAUFCRT SC YORKTOWN VA 497
40 IZ BEAUFORT SC SUBIC BAY NAVMAG 8992
40 55 BEAUFORT SC CHEPRY PT. HC 326
40 69 BEAUFORT SC CAPTIVE FLIGHT

POCKET LOLAIION'41
FROM TO

41 I WABASH AOR-S YORKTOWN VA

POCKET Lt',. fION:42

FROM TO MILES
4: 3 tUORFOLK VA ISRAEL 5329

P, ':KET LL ' I IO11=43
FRpOM TO

ROCKET Lt- I IOtI:44
FROM TO

44 1 AMEPICA CV-66 YORKTOWN VA
44 2 AMERICA CV-66 SUSIC BAY PR
44 5 AMERICA CV-66 KITTY HAWK CV-63
44 8 AM;ERICA CV-66 CORAL SEA CV-43
44 10 A ERICA CV-66 MIOWAY CV-41
44 10 AtEPICA CV-66 ENTERPRISE C VH-65
44 28 AMEPICA CV-66 SARATOGA CV-60

44 39 AIERICA CV-66 MT. BAKER AE-34
I (f 40 Atf RICA CV-66 BEAUFORT SC
44 45 AtEPICA CV-66 F. 0. ROOSEVELT CV-4
44 47 AMERICA CV-66 DETROIT AOE-4
44 69 AMERICA CV-66 CAPTIVE FLIGHT

POCKET LOLAlIOtl45
FROM TO

45 13 F. 0. ROOSEVELT CV-4 CO1CORO CA

45 4-4 F. 0. ROOSEVELT CV-4 AMIERICA CV-66
45 69 F. 0. ROOSEVELT CV-, CAPTIVE FLIGHT

POCKET LI ION'46
FPOM TO

(46 10 DA tiWItG VIETNAM MIDWAY CV-41
'16 69 DA NANG VIETNAM CAPTIVE FLIGHT
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ROCKET LOLAI IOfl=47
FROM TO

47 D DETROIT AOE-4 YORKTOWN VA
47 7 DETROIT AOE-4 INDEPENDENCE CV-62
47 28 DETROIT AOE-4 SARATOGA CV-60
4 7 44 DETROIT AOE-4 AMERICA CV-66
47 69 DETROIT AOE-4 CAPTIVE FLIGHT

POCKET LL- 1IO1l48
Fptl TO

POCKET LOLAII1l=49

FROM TO
q

9  
1 NITRO AE-23 YORKTOWN VA

49 28 NITRO AE-23 SARATOGA CV-60
49 30 NITPO AE-23 NIMITZ CVU-68
49 32 NITRO AE-23 ROOSEVELT ROADS PR
49 50 NITRO AE-23 NELLIS AFB MV
49 69 NITRO AE-23 CAPTIVE FLIGHT

ROCKET LO, TIONf50
FPOM TO MILES

50 1 tELLIS AFB NV YORKTOWN VA 2558
50 69 NELLIS AFB NV CAPTIVE FLIGHT

ROKET LOLAI ION-5I
FROM TO

TOCKET LU. IION=521
FROM TO

ROCKET LU.,,IION53

FROM TO
55 26 VF-IO OCEANA VA
53 69 VF-I0 CAPTIVE FLIGHT

POCKET LO. IIOt=54
FROM TO

POCKET LOLA IIOt455

FROM TO MILES
55 I CHERRY PT. tNC YORKTOWN VA 224
55 14 CHERRY PT. NC YUMA AZ 2477

POCKET LO* :1ON=56
FROM TO

56 1 EISEIHOWER CVN-69 YOPKTOWN VA
56 Zb EISE01OWER CVN-69 OCEANA VA
56 69 EISEIHOWER CVN-69 CAPTIVE FLIGHT
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ROCET LOLA rION=57 MILES
FROM TO

57 2 KEI WEST FL SUBIC BAY PR 9873
57 10 IKEY WEST FL MIDWAY CV-41

57 69 KEY WEST FL CAPTIVE FLIGHT

ROCKET LOL I ION=58
FROl TO

53 56 CAIISTEO AO-99 EISENHOWER CVN-69

ROCKET LOtAl IOt-59 MILES
FROlI TO

59 10 IWAKUtI JA MIOWAY CV-41

59 1 Z IIJAKUHI JA SUBIC BY HAVMAG 1538
59 13 IU!AKUNI JA CONCORD CA 5056
59 18 II[CU4I JA RANGER CV-61

59 62 IWAhUNI JA H E M 15 IAG

59 69 IWA:UtlI JA CAPTIVE FLIGHT

ROCKET LO,., ION=60
FROM TO

60 4 CAIIDEN AOE-2 FALLBROOK CA

60 15 CAUlDEN AOE-2 SEAL BEACH CA

POCKET LnidiON=61
FPOPI TO

61 tO H4ALEKALA AE-25 MIDWAY CV-41

81 13 HALEIKALA AE-25 CONCORD CA

ROCVET 1.). ," ',?
P-0 .TO

6 . t 15 IAG SUBIC BAY HAVMAG

62 13 H. lAG CONCORD CA

62 3 r 10 'I\G NAHA OKINAWA

62 51 : r. 15 ,"AC IWAKUNI JA

62 69 L ' tH HAG CAPTIVE FLIGHT

ROCKET LUALh0O=63
FROM TO

63 12 KISKA AE-35 SUBIC BAY NAVMAG

63 13 KISKA AE-35 CONCORD CA

ROCKET L.0 IIO464
FP()" TO

64 8 HANCOCK CV-19 CORAL SEA CV-43

ROCKET LLArIOt1=65
FPOfl TO

65 0 tlat1 PHItIG MIDWAY CV-4I

65 69 p1AM PHONG CAPTIVE FLIGHT
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POCKET LUO I ION=66
FROtl TO

66 26 CVSG OCEANA VA
66 51 CVSG VF-4.3

ROCKET LOLA 1IXON=67 HGE OOC
FRO" TO

67 69 HUJI I I ACPTV FLIGHT

ROCKET LOCATION=6 8
F ROM TO

68 2 FORCE SERVICE REG 3 SUBIC BAY PR
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APPENDIX E

Compu~ter Procirams
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COMPUTER PROGRAMS

STORAGE

CAPTIVE. FLIGHT

MARKOV

WEATHER

LOGISTIC

AI RCARRY

DAMAGE. SORT
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0.1 /1JOB (A9SSXS.5I6,O.2S.10).*GEORGE DERBALIAN'
0.15S /*JOBPARM FORFIS=148t

0. 2 // EXEC FORTCLG
0.25 //FORT.SYSIN On
0.3 C// EXEC WATFIV
0.3S C//GO.SYSIN 00
0.4. CSWATFIV
0.401 C ** W W *N W N W NW 44

0.402 C
0.403 C S TORAGE
0.404 C GEORGE DERBALIAN
0.405 C THIS PROGRAM COMIPUTES ROCKET DAMAGE IN STORAGE LOCATIONS
0.406 C APRIL 1981
0.407 C
0.408 C * 0W W W W W N W N

0.45 IMPLICIT REAL*8(A-H,O.Z)
0.5 COMMION /GREGW/14,WA
0.55 COtION,FAIL/ATTEIP,0,SU.SCR,XIO
0.6 DlIMENSION ITPl25).SHIFT(25),TITL(20),CDFA(200).CDFD(200),DIGIIOOI
1. REAO(5,500) TITI
2. WRITE(6.600) TITL.
1.1 500 FORFAT2ZOA4)
1.2 600 FORIAT(*'P,/20X,'*** ,20A4, '
3. REAO(5,551 I ITIME,StFD,SCFA,XKT
3.1 IF (XKT.EQ.0.0) XKT--l.0

4. REAOI5,50t ) EC,EP.PIP,PRC,0IFF,RZ,B.ALP,ALPC,H
4.1 501 FCOMAT(SF1O.3)
5. WRIFE(6,60l1 EC,EP,PR,PRCOIFF,RI,B,ALP,ALPC.H
6. 601 FORt:AT(/IX,MtODULUS OF CASING',Fl5.2,lX,'PSI',/IX.

6.1 $ ItOVULU5 OF PROP'ELLANT 'FS2l.S'/X
7. 1 'POISSON"S RATIO OF PROPELLANT',FIO.4,/IX,
8. 2 POISSON"S RATIO OF CASE',FiO.4,/1X,
9. 3 'TIEPIAL DIFFUSIVITY OF PROPELLANT ',Et2.4.lX,'IN*IN/HRl./iX,

10. 5 '1i4',EP RADIUS OF PROP)ELLANT',F).4.X.INl,/IX,
11. 4. 'RADIUS OF PIZOPELIANT ',FiO.4.lX,'IN',/lX,
1,^. 5 'COEFF IC IENT OF TIIEPIIAL EXPANS ION OF r;'OF'LL01T ',E12.4, I X. 'I/F'
13. 6 'l.CEFCETOF THERMAL ENPANSION OF CASE E24I,/F
1 -4. 1. 'TH IC NE SS OF CASIN -, F 0. 5.IX, -IN')
is. kV~IIEl6.6511 ITII'E,SCFO,SCFAXKT

1, 51 F0);t!AT1 IX, 'TOTAL TItlEz ',I5,
.I -,'S 5SX. 'DIUTNAL) AtIPLITUDE SCALE=' d 10.4,5X, 'SEASONAL',
'0.Z AtIF[IILE SCALE=' ,FlO.i'.5X, 'KTrdI.Fl-

551 FOPMAT(I5s3F10.31
19.1 READIS,501) SU,SCR
19.2 WP'ITE(6,6I41 SU,SCP
19.3 61'. FOP IATI/lXt'S7RESS, REQUIRED TO CAUSE FAILURE IN ; M!N',E12.4,jX,'P
19.4 $SI',SX.,CRITICAL STRESS BIELOW WHICH NO FAILURES CC ',EI2'.4,IX,
19.5 S 'PSI')
19.51 READ(5,551) NAT
19.52 REAOIS,552) (ITP(I),SHIFJ(I),I~I,NAT)
I9,525 552 FOSII&T(I5,FIO.2I
19.53 WRI~TE(6,610)
19.54 610 FORIIAT/IX,'TEMPERATURE F'.5X,*SHIFT FACTOR')

19.56 611 FORFIAT(3X,15,8X.F1O.3)
^0. C DEFINE GLOBAL CONSTANTS
21. W=0.2617994D0
22. WA=W/365.0
23. CALL CONST(RI.B,HEP.PR,ALP,DIFF,ECPRC,ALPC)

5. C INITIALIZE RANDOM NUMBER GENERATING VARIABLE ISEED
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26. ISEED=9831'.5267
Z7 C
^9. IR=0

9. 77 IR=IRl
^9.t 1WRITE(6 658)
119.2 658 FORMA T(:I')
30. DO I I=1,8
31. PEAD(9,500,END=99) TITL
-2 I WRITE(6,6021 TITI

32.1 602 FO-QrlATl1X,'0A.!
33. READ(9,551) IAIIT
33.1 C REFERENCE SlRESS FREE TEMPERATURE 75F
34. AMT=IAMT-75
35. WRITE(6,6S2) IAMT,IR
36. 652 FORIIAT(I5,lXAVERAGE ANNUAL TEMPERATURE',5X.'LOCATION:',I5)
37. REAOI9,500) TITI
38. PEAD(9,553) (CDFA(I!,I=l,200)
39. 553 FORPIAT(fOX,FI0.6)
40. 1WRITE(6,6541
4.1. DO 2 1:1,200
41. XI=I

44. 2 IF (I.LT.l5) WRITEI6,653) X,CDFA(I)
45. 653 FORMAT(FtO.Z.FIO.6)
46. 654 FORMAT( SEASONAL TEMIPERATURE AMPLITUDE C.O.F.'
4.7. READ(9,500) TITL
48. READI9,553) (CDFD(I),I~f,Z00)
49. WRITE(6,655 )
50. 655 FOPMtAT(;.DIURNAL TEMPERATURE AMPLITUDE C.D.F.')
51. DO 3 I= ,00
52. xi =I
53. X=0.5*XI-0.5
54.. 3 IF (I.LT.15) WRITE(6,653) XCDFDfI)
55. C
56. DMG( IR )=.
57. ATO=1.000
58. XIO:0.0
59. C
60. DO 8 I~i,ITIME
60.1 TIME=1
61 . K:! I-I )/Z4
61 1 K:K*2'
61 1 K=I-t-K
62. IF (K.EQ.0) CALL RANDAYtSCFOCDFO,TDL,ISEED)
63. K=11-!1)/7Z0
63.1 K=K*7,^0
63.2 K=I-t-K
64. IF (K.EQ.0) CALL RANSEA(SCFA.CDFA,TAL.ISEEO)
65. CALL TEMPER (TIME*AMT,TAL,TOL,TEMPl
66.1 IFITEMP47S.0.GT.ITPIIl) GO TO 10
66.15 AT:SHlIFT(l )+(TEl1P+75.0-ITP(l ))*(SHIFT(2I-SHIFT(I 11/
66.2 ( ITP(2)-ITPE I))
66.25 GO TO It
66.3 10 00 12 1I:2,NAT
66.35 IF (ITP(II).LT.TEMP+75.) GO TO 12

66.4S5 (ITP(I)-ITPIXZ-l 1!
66.5 GO TO ft
66.55 12 CONTINUE
66.6 AT:SHIFT(NAT)*ETEMP+75.0-ITP(NAT)!MISHIFT(NATl.SMIFT(NAT-:,,/
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66.65 $ {ITPINAT)-ITP(NAT-1))
66.7 11 AT:DEXPI2.30258500AT)
67. CALL STRESS(TIIE,AMT,TAL*TDL.SH)
67.1 DD:O.
67.2 SH:$SI*XKT
68. CALL DAflAGEISH)
69. OtlGIIR):DD+DG(IR)
70. ATO:AT
71. 6 CONTINUE
72. C
75. GO TO 77
76. COULD USE A SORTING ROUTINE HERE

76.01 99 IR:IR-i
76.02 IRITE(6,6571
76.03 657 FORMAT(*I',IX,'RELATIVE DAMAGE')
76.1 WRITE(6,656) (I,DrIGIIIII,IRI
76.2 656 FORMAT(IX,*LOCATION:',I3,SX,'DAMAGE=:.EI2.51
77. STOP
78. END
79. C
80. C
81. C

82. SUBROUTINE RANSEA(SCFA,CDFA,TAL.ISEED)
32.1 IMPLICIT REAL*8(A-N,O-Z)
8 15 REAL*8 CDFA(200)
S2.2 REAL*. X
83. CALL RANOK(ISEED,X,0)
63.1 XX:X
84. DO 4 Z=1,200
85. XI:I
86. 4 IF (CDFA(Il.GT.XX) GO TO 5
87. 5 TAL:(0.5*XI-0.S)*SCFA
88. RETURN
89. END
90. C
91.
92. C
93. SUBROUTINE RANDAY(SCFD,CDFD,TDLsISEED)
93.1 IMPLICIT REAL*S1A-H,O-Z)
93.15 REAL*8 CDFD(200)
93.2 REAL*4 X
94. CALL RANK(ISEEDX,0)
95. DO 6 1:1.200
95.1 XX:X
96. XI=I
97. 6 IF(CDFD(I).GT.XX) 60 TO 7
98. 7 TDL:SCFOWE0.S*XI-O..)
99. RETURN
100. END
101. C

103. C
104. SUBROUTINE RANOK (IT, YFL, INOEX)
105. C
106. C THIS IS A UNIFORM RANDOM NUMBER GENERATOR WRITTEN BY S. E.
107. C FORSYTHE IN SPRING 1969, FOLLOWING D. KNUTH, THE ART OF COMPUTER
1os. C PROGRAMMING, VOL. 2, PP. 15-156. IT IS MUCH SUPERIOR TO RANOU,
109. C THE RANDOM NUMBER GENERATOR FOUND IN IBM'S SCIENTIFIC SUBROUTINE

110. C PACKAGE.
Ill. C
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112. c BEFORE THE FIRST CALL OF RANOK, IY SHOULD BE SET OUTSIDE RANDK
113. C TO AN ARBITRARY INTEGER VALUE. (IN WATFOR THIS IS ESSENTIAL.)
114. C FOR PROGRAM CHECKOUT, THE INITIAL VALUE OF IY SHOULD BE A FIXED
115. C INTEGER. FOR RANDOM NUMBERS DIFFERENT ON EVERY RUN (AND HENCE
116. C NOT REPRODUCIBLE), DECLARE INTEGER CLOCKI AND THEN INITIALIZE
117. C IY TO CLOCKI(4).
118. C
119. C IF RANDK IS CALLED WITH AN INTEGER INDEX = 1. THEN THE OUTPUT
120. C VALUE OF IY IS A PSEUDORANDOM INTEGER UNIFORMLY DISTRIBUTED IN THE
121. C RANGE 0 <= IY < 2*w3t.
122. C
123. C IF RANDK IS CALLED WITH INDEX = 0. THEN NOT ONLY IS IY PRODUCED,
124. C BUT ALSO (AT SOME EXTRA COST IN TIME) A FLOATING NUtIBER YFL, UNI-
125. C FORLY DISTRIBUTED IN THE INTERVAL 0.0 <= YFL < 1.0.
1^6. C
127. IY = IY*314159269 + 453806245
128. 4 IF (IY .GE. 0) GO TO 6
129. C
130. C CAUTION: THE STATEMENT LABEL 4 IS ESSENTIAL IN ORDER TO PREVENT
131. C CERTAIN COMPILERS (E.G., FORTRAN H WITH OPT 0) FROM PERFORMING
132. C UNWANTED "OPTIMIZATIONS." IT SHOULD NOT BE REMOVED.
133. C
134. 5 IY = IY f 2147483647 + 1
135. C STATEMENT 5 ADDS 2**31 TO NEGATIVE VALUES OF IY
136. C

137. 6 IF (INDEX) 7. 7, 8
138. C
139. 7 YFL = IY
140. YFL = YFL*.4656613E-9
141. C
142. 8 RETURN
143. END
144. C
145. C
146. C
147. SUSROUTINE DAMAGE(Sl
148. IMPLICIT REAL*8(A-H,O-Z)
149. COrIMON/FAIL/AT,TEIIPDDSUSCR,XIO
151. IF (S-SCR .GT. 0.01 GO TO I
152. XIO0.0
153. RETL"?N
154. 1 CN:DLOGIO(S-SCR)
155. V0=9.3DO
157. XI:( (S-5CR )**BB)/AT

158. DO=30.ODO*( XI*XIO1/(SU-SCR)**BB
159. XIO=XI
160. RETURN
161. END
162. C
163. C
164. C
165. SUBROUTINE TEMPERI T,AMT,TALTDLTEMPI
166. IMPLICIT REAL*S1A-H,O-ZI
168. CO;;ION /GREGT/ TCOSOTSINO.TCOSY. SINY
169. COMION /GREGW/ WDAY.WyEAR
170. WT = WYEAR 0 T
171. TEHP = TAL * ITCOSYeDCOS(WTI # TSINY*DSINIWT))
172. WT : WOAY * T
173. TEMP = TEMP f TDLW(TCOSD*DCOSIWT)TSINDSOSIN(WT) )
174. TEMP = TEMP + AMT
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I 75. RETURN
1716.E
1 ??. SUBROUT1INE STRESSIT,AIIT,TALPTOLPSN)
178 . IMPLICIT REAL*8(A-H,O-Z)
1 60. COMMON /GREGS/ Sl4CD,SHSOS4CYvSHSY,S4COtI
181. COMMON /GREGI/ IDAY,WYEAR

1 82. WT =WrEAR * T
183. SN TAL * (SHCY*OCOSEUT)+SHSY*DSIN(dT))
184.. WT 2WOAY4*T
185. SH =SH TOLW(SHCOW0COStUTJ+SHSONDSIN(MT)I
186. SH =SH + SHCONWA"T
187. RETURN
188. ENO
189. C
1 90. C WNNUNNN NNWWWWMN *WW

191. C
19". SUBROUTINE CONST(RIRO,H,EP,VP,ALPDIFF,EC.VC.ALC)
193. IMPLICIT REAL*$ (A-Ii,O-Z)
19'.. REAL*$ INTC,IHTS
195. COIPLEX*16 BOA
1%6. COtION /GREG/ PR,E.F,OE,DF.C.O
197. COMMrON /GREGT/ TCOSO ,TSINO .TCOSY,TSINY
198. COMMON /GREGS/ SHCO,SHSO.SHCYPSHSYSHCON
199. COMMtON /GREGW/ WOAYI4YEAR
^00. I
z0). PDAY OSQRT(WOAY/OIFF)
102. PYEAR rDS9RT(UYEAR/DIFF)
203. P PDAY

Z04. ioPk P 0RI
205. CALL tllKELI(PABERBEI.XKER,XKEIIER)
2106. BOA z CMPLXIBEI,-BER)/OCIIPLX(-XKEI,XKER)
^07. C DREAL(BOA)
^03. 0 DIMAG(BOA)
209. PR =P *RD
210. CALL EAtJOF

211.A =-F/(E*E*F)F
212.B E/LE*E+*F)
:13. PR =PA
214.. CALL EAP40F
.15. TSINY =B*E A*F
,16. ICOSY cA*E *B*F
'17. IFII.EQ.2) GO TO 20
218. TSINO = SINY
119. TC050 = COSY
220. 1 2
221. P PYEAR

222. GO T0 10
22. 20 1

:24'. P PDAY
225. DENOI:) I.DO*VPI) I I.D0-2.DOOWVP)*RO*RO#RIWRI l/(ROWRO-RI*RI
226. C + (l.DO-VC*VC)WRO*EP/lHNEC)
22. 30 PR = P * RO
228.CALL DEAOF

229. Z1 = 2.DOWEP*ALPW(1I.0*VP)WRO/(P*(RO*RO-RI*RI))
Z30. ZS =A*eDE # B#OF
231. ZC = A*OF - B*DE
232. PS = (Zi*ZS - ALC~f1.V0+VC)*EP)/DENO"
^33. PC 2 Zt*ZC/OENOM
234.. FCON = (Zl*P#(RO-Rl)/1lO)-ALCWU1.D00VC)*EP)/DEtMl
Z35. 2) RO*RO/(ROWRO-RIORI)
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236. PC = PC * ZI
237. PS = PS * ZI
233. PCON = 2.DOWZIWPCON
^39. eI =A PPRO/ IP*(1.OO-VP)*IRO*RO-RI*RI))
I39 ZI = LP
240. INTC = ZI*ZC
241. INTS = ZI*ZS
242. INTCON 2.D0OALP*EP/((I.DO-VP)O(RO+RI))
243. PR : P RI
244. CALL EANOF
245. CALL DEADF
246. Zl = ALP*EP/lP*(t.O-VP)*RI)
247. SIICY = ZI * (A*DF-B*OE)
248. SHSY = ZI * (A*DE + B*DF)
^49. ZI = ALP*EP/(t.DO-VPI
250. SHCON INTCON - PCON - ZI

251. SHCY SiCY - ZI*(A*EB*F)
252. SHCY SHCY + (INTC-PC)*2.D0
253. SHSY SHSY - Zl*I-A*F*B*E)
254. SHSY SHSY + (INTS-PS)W2.00
255. IF(I.EQ.2) RETURN
256. 2 = 2
257. P = PYEAR
258. SHCD = SIICY
259. SHSD = SHSY
260. GO TO 30
262. END
263. C
Z,64.
265. C
266. SUBROUTINE EANOF
267. IMPLICIT REALW8 (A-H.O-Z)
268. COMMON /GREG/ PR.E,F,OE,DF,CD
269. CALL MM\ELO(PR,BERBEI,XKER,XKEIEIER)
Z70. E = BER + C*XKER - DXKEI
271. F BEI * C*XKEI + DXKER
272. RETURN
273. END
274. SUBROUTINE DEADF
275. IMPLICIT REAL*8 (A-H,O-Z)
276. COMMON /GREG/ PRE,F,DE,DFCD
277. CALL tiMKELD! PRBER,BEI,XKERXKEIIER)
278. DE = BER + C*XKER - DXKEI
279. OF = BEE * C*XKEI * DWXKER
280. RETURN
231. END
282. C SUBROUTINE IMKELO (X.BERBEI,XKERXKEItIER) NIMLO0010
^83. C-M1L 000 0
284. C-MMKELO - D------ O

--  
LIBRARY I ----------------------------------------.. LO0 30

285. C MtLOC .0
2S6. C FUNCTION - EVALUATE THE KELVIN FUNCTIONS BER,BEI.KER AND IMLOG .0
287. C KEI OF ORDER ZERO MMLO060
288. C USAGE - CALL ltKELOIX,BER,DEI,XKER.XKEI.IERI tIlLO0 0
289. C PARAMETERS X - INPUT ARGUMENT. IF X IS NEGATIVE, A WARNING MML0 '0
290. C ERROR IS PRODUCED AND VALUES OF POSITIVE ltLO0 )0
291. C MACHINE INFINITY WILL BE RETURNED FOR XKER MIMLOO 0
292. C, AND XKEI. MMLO0, 0
2 93. C BER - OUTPUT ARGUIENT tlLOO' 20
294. C BEI - OUTPUT ARGUMENT tlILOO 30
295. C XKER - OUTPUT ARGUMENT RETURNED ONLY WHEN X I tMLO00140
296. C POSITIVE. 1iLO0150
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297. XKEI - OUTPUT ARGUMENT RETURNED ONLY WHEN X iS 1MLO0160
298. C POSITIVE. IIMLOO170
299. C IER - ERROR PARAMETER IL00180
300. C TERMINAL ERROR =128*N. 111LO00190
301. C N = I INDICATES THAT THE ABSOLUTE VALUE OF 111L00200
302. C X WAS GREATER THAN 119. BER AND BEI ARE MMLOO210
303. C SET TO ZERO. IF X IS NON-NEGATIVE. XKER MML00220
304. C AND XKEI ARE ALSO SET TO ZERO. OTHERWISE, 1I1L00230
305. C XKER AND XKEI ARE SET TO POSITIVE MACHINE M11L00240
306. C INFINITY. tL00250
307. C WARNING ERROR 32 *N MML00260
308. C N = 2 INDICATES THAT X IS NEGATIVE. M1L00270
309. C XKER AND XKEI WILL BE RETURNED AS 11iL00280
310. C POSITIVE MACHINE INFINITY. Mt1L00290
311. C PRECISION - DOUBLE ML00300
312. C REQD. IMSL ROUTINES - UERTST 1L00310
313. C LANGUAGE - FORTRAN 111L00320
314. C ------------------------------------------------------------------------- L00330
315. C LATEST REVISION - APRIL 30,1975 M11O0340
316. C M11L00350
317. SUBROUTINE MMKELO (XBERtBEIXKERXKEIIER) 111100360
318. C M11L00370
319. DIMENSION CI(9).C2(9),C3(9),C4(9),EI9)E2(9) 1ML00380
320. 'DOUBLE PRECISION CIC2,C3,C4,EI,E2.PIOS,RT2,XINF, #1ILO0390
321. w PIEUL.TEN,ZEROHALFONE.ARG,BERBEI,BI,B2,B3, 111100400
322. * B4,CON,DC,DCM,DE,DS,DSM,DSQ,P102,RI,R2.,SSMT, 1111L00410
323. * TM,TWOPI,X,XKER,XKEI,ZZI,ZIM,ZSQ,Z.ZMAX M1L004,0
324. C tltL00430
325. C COEFFICIENTS FOR EVALUATION OF ML100440
3Z6. C BER-SUB-ZERO(XI FOR X GREATER THAN MML00450
327. C 0. AND LESS THAN OR EQUAL TO 10. 1111L00460
328. C 11100470
329. DATA CI )1/5.160704650-5/,CI(2)/-4.89871257270-3/ 1110480
330. DATA CI 3)/.2597773000700/,CI(4)/-7.24226727820700/ttHL00490
331. DATA CI (5)/93.859669,971726D0/ MML00500
332. DATA CI 6)/-470.9502795889968D0/ 11LO0510
333. DATA CI 7)/678.168402766309100/ tL00520
334. DATA CI 8)/-156.2499999995701D0/ tIMLOO530
335. DATA C!I91/.999999999997400/ 111L00540
336. C 11lL00550
337. C COEFFICIENTS FOR EVALUATION OF 1IML00560
338. C BEI-SUB-ZEROIX) FOR X GREATER THAN O.t11100570
339. C AND X LESS THAN OR EQUAL TO I0. t11L00580
340. C 1100590
341. DATA C2(I)/4.49130000-6/,C2(21/-5.444243175D-4/ 111L00600
342. DATA C2(3)/3.8428$2827340-2/ MML00610
343. DATA C2(4)/-1.4963342749742D0/ 1NL00620
344. DATA C215)/28.969033878649900/ I1IL00630
345. DATA C2(6)/-240.2807549442574D0/ 11L00640
346. DATA C2(71/678.168402776930700/ MML00650
347. DATA C2(8)/-434.0277777777479D0/ M1L00660
348. DATA C2(91/24.99999999999980/ 11ML00670
349. C tltlL00680
350. C COEFFICIENTS FOR EVALUATION OF 111L00690
3SI. C KEI-SUB-ZERO(X FOR X GREATER THAN 111100700
352. C OR EQUAL TO ZERO AtD X LESS THAN OR R1L00710
353. C EQUAL TO 10. t11100720
354. C 1i'tL00730
35S. DATA C3(1)/1.54363047D-5/,C3(2)/-I.80647778600-3/ 1111L00740
356. DATA C3(3)/.1222087382192D0/ 111L007SO
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3S7. D ATA C3(4)/-4.5187'.59132639D0/ ML100760
358. DATA C315)/81.9524771606200D0/ Ml1100770
359. DATA C3(6)/-623.0i3671740520I00/ ML100780
360. DATA C3(7)/I548.484519673099200/ t11L00790
361. DATA C3(8)/-795.7t759Z59Z486600/ 111LOO800
362. DATA C3(9)/24.999999999999300/ MMLO10081
363. C 111100820
364. C COEFFICIENTS FOR EVALUATION OF MM1LOO830
365. C KER-SUB-ZERO(X) FOR X GREATER THAN ORMM1LOO840
366. C EQUAL TO ZERO AND X LESS THAN OR t11100850
367. C EQUAL TO TEN MML110860
368. C 1111100870
369. DATA C4(1)/1.2161109D-6/,C4(2)/-l.7976279860-4/ 111100880
370. DATA C4(3)/1.593801497050-2/ 11L11090
371. DATA C4(4)/-.806152902787600/ 111100900
372. DATA C415)/21.2123451660,31D0/ 111100910
373. DATA C4(6)/-255.0971742710479D0/ MML100920I
374. DATA C4(7)/1153.8,'8185281456100/ 111100930
375. DATA C4(8)/-1412.8508391203636D0/ 111L00940
376. DATA C4(9)/234.375D0/ 111100950
377. C 111100960
378. C COEFFICIENTS FOR EVALUATION OF 11L100970
379. C AUxILIARY FUNCTIONS FOR X GREATER 111100930
380. C THAN 10. 11L100990
381. C 111101 000
382. DATA EIEI)/4.920-8/,EI(2)/1.4520-7/,EI(3)/I.35D-8/ 11t110101
353. DATA E114)/-1.6t92D-6/,EI(5)/-1.122u07D-5/ M1ML01020
384. DATA EI(6)/-5.178690-5/,Ei(7)/7.00-iO/ 111101030
385. DATA E118w/8.83883460-3/,E119)/i.ODO/ 111101040
386. DATA E2(1 I/-2.430-8/.E2(2'1/7.5D-8/,E2(3)/5.9290-7/ 111101050
387. DATA E2(1/1.6431D-6/,EI^(5)/-7.20-9/ 111)01060
388. DATA E2(6)/-5.l80060-5/.E' l7)/-7.03124ID-4/ MML110070
389. DATA E218)/-8.83883400-3/.E21(9)/0.000/ 111101080
390. C 1111101090
391. C MISCELLANEOUS CONSTANTS M111100
392. C 111101110
393. DATA P102/I .570796326794896600/ 1111101120
394. DATA TROPI/6-283185307179586D0/ MML101130
395. DATA PIO8/.39Z69908I6qS7Z4I5D0/ 1911L01 140
396. DATA RT,^/.7071067811865475,200/ MIILOIISO
397. DATA XINF/Z7FFFFFFFFFFFFFFF/ M11101160
398. DATA P1/3. 14I5926. 3589793200/ M11L01170
399. DATA EUL/.57721566490153u28600/ M111101180
400. DATA TEN/10.DO/,ZEPO/0.DO/,HALF/.SDO/,ONE/l.DO0/ 11L101190
401. DATA Z11AX/119.00/ 111101200
402. IER 0 11L012"10
403. Zz DABSEX) 1110 1220
404. IF (Z .GT. TEN) GO TO IS 1111012 30
405. IF (Z .EQ. ZERO) GO TO 10 111101240
406. C CALCULATION OF FUNCTIONS FOR ASI 11110I250
407. C LESS THAN 10. 111101260
408. Z Z/TEN 111101270
409. ZSQ Z*Z * 111101280
410. Z4. ZSQ*.ZSQ M11101290
411. B1 CIII) 111101300
412. 82 :C2(1) 111101310
413. 83 C3(1) MMtI1 320
414. B4 2C4(1) 11M101 330
41S. DO 5 1 2.9 1110 1340
416. 81 :biWZ4#ClII) M11101 350
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417. 2 = B2*Z4+C2(ri MIML01360
418. 3 B3*Z4+C3(I) 1HL01370

419. 94 B4*Z4+C4)I) HMLO1380
420. CONTINUE M1LO1390
4,'1. BER = 51 M1L01400
4.22. BEI = ZsQ*Bz 1tIL0410
4'.3. IF (X .LT. ZERO) GO TO 30 MIL01420
424. RI = ZSQ*B3 MiL01430

4,:5. R2 = Z4*B4 tMLOI440

426. CON (DLOGIX*HALF)+EUL) tIL01450
4.27. XKEI -PIOZ*HALF*BER*(R1-BEI*CON) tt11L01460
4,8. XKER PIOZ*HALF*BEI-(RE+BER*CON) 1ML01470

429. GO TO 9005 11rLO4B0
430. C X EQUAL 0. DEFAULT TO PROPER VALUES tlILO1490
431. 10 BER = ONE ML01500

432. BEI= ZERO tLL01510
433. XKEI = -HALF*PIO, M101520
434. XKER = XINF M1L11530

435. GO TO 9005 MML01540
436. C X GREATER THAN 10. CALCULATE M1L01550
437. C AUXILIARY FUNCTIONS IVILO1560
433. 15 IF (Z .GT. ZMAX) GO TO 2S MMLOI570
439. ZI TEN/Z MIL01580

440. ZIM -ZI 111101590
441. S = EI(l) )ML01600
442. S11 S MML01610
443. T =E211 11"LO1620
4.'44. TM T t1t1L01630

445. DO 20 I = 2,9 MIL01640
446. S S*ZI+EIl(I) t10L1650
447. T = T*ZI#E2Z? IILO1660
448. SM = SM*ZIM+EIII) IL01670

449. TM = TM*ZIM+E211) IL01680
'50. 20 CONTINUE 1111L01690
451. ARG = ZVRT2 11L01700
452. 05 = OSIN(ARG-PI081 lML01710

453. DC = DCOS(ARG-P108) MML01720
454.. OSM = OSIN(ARG+PIO8) 111L01730

455. DCM =DCOS(ARG+PIO8? t1ML01740

456. DE = DEXPIARG) MliLO1750
457. OSQ = DSqRTITWOPI*Z) 1IL01760
455. C CALCULATE THE DESIRED FUNCTIONS 111L01770

459. BER = DE*(S*DC-T*DS)/DSQ MIL101780
460. BEI DE*(T*DC+S*DS)/DSQ MML01790

461. IF IX .LT. ZERO) GO TO 30 tIL01800
462. XKEI = PI*fTMDCM-SM"DSM)/IDE*DSQ) 111101810
463. XKER m PI*(St1DCM#TM*OSM1)/1 E*DSQ) MIL0182O
464. GO TO 9005 MML01830

465. C Z TOO LARGE. W1lL01840
4.66. 25 BER = ZERO lI01850
467. BEI ZERO WIL01860
468. IER = 129 t11101870
4o9. IF IX .LT. ZERO) GO TO 35 M101880

470. XKEI = ZERO M1IL01890
471. XKER = ZERO ML01900
47Z. GO TO 9000 tIM11910
473. C X LESS THAN 0. DEFAULT TO PROPER MML10920
474. C VALUES 11ILO 1930

475. 30 IER 34 111t10)940

476. 35 XKEI XIIlF 11L101950
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477. XKER XINF MMLO1960

478. IF (IER .EQ. 03 GO TO 9005 MtHLO1970

479. 9000 CONTINUE MtL01930
48C. CALL UERTST (IER,6HKMKELOJ M1NLO1990

481. 9005 RETURN MMLO2000

4'82. END MML0OI 10
483. C SUBROUTINE IMKELD (XBERP,BEIP,XKERP,XKEIP,IER) MLLO010

484. C MHtLLO0O0
485. C-MMKELO - --- ------- LIBRARY 1 --------------------------------------- mmLLO030

4S6. C MrMLLO040

487. C FUNCTION - EVALUATE THE DERIVATIVES OF THE KELVIN MItLLOO50
485. C FUNCTIONS (BER,BEI,KER AND KEI) OF ORDER MMLLO060

489. C ZERO. MMLL0070

490. C USAGE - CALL MtlKELD(X,BERP,BEIP,XKERP,XKEIP,IER) MMLLOO8O
491. C PARAMETERS X - INPUT ARGUMENT. IF X IS NEGATIVE, A WARNING MMLL0090

492. C ERROR IS PRODUCED AND VALUES OF POSITIVE MMLLOtO0
493. C MACHINE INFINITY WILL BE RETURNED FOR XKERP fMLLOItO

494. C AND KEIP. 1HLL0120

495. C BERP - OUTPUT ARGUMENT MMLLO30

496. C BEIP - OUTPUT ARGUMENT MMLLO40
497. C XKERP - OUTPUT ARGUMENT RETURNED ONLY WHEN X IS MIILL0150
498. C POSITIVE. MMLLO160
499. C XKEIP - OUTPUT ARGUMENT RETURNED ONLY WHEN X IS M1LLOI70

500. C POSITIVE. MLLO 180

501. C IER - ERROR PARAMETER. HMLLOI90

502. C TERMINAL ERROR z 128+N. MLLOZO0

503. C N I INDICATES THAT THE ABSOLUTE VALUE OF MMLLO210

504. C X WAS GREATER THAN 119. OERP AND BEIP ARE HMLLO220

505. C SET TO ZERO. IF X IS NON-NEGATIVE, XKERP tlLL030

506. C AND XKEIP ARE ALSO SET TO ZERO. OTHERWISE.tMMLLO0240

507. C XKERP AND XKEIP ARE SET TO POSITIVE MULLO50

508. C MACHINE INFINITY. It LLO0'60
509. C WARNING ERROR = 324N. MMLL0270
510. C N z 2 INDICATES TtHAT X IS NEGATIVE. MMLLO,8O

511. C XKERP AND XKEIP WILL BE RETURNED AS MMLLO90

512. C POSITIVE MACHINE INFINITY. MMLL0300

513. C PRECISION - DOUBLE MHtL0310
5;4. C REQO. IMSL ROUTINES - MKEL0,UERTST MLL0320

515. C LANGUAGE - FORTRAN MMLL0330
516. C ----------------------------------------------------------------------- -MLL0340

517. C LATEST REVISION - SEPTEMBER 22,1976 MLL0350

518. C MMLL0360

519. SUBROUTINE MMKELD(XBERPBEIP,XKERP,XKEIPIER) t1LL0370

5Z0. C IHLLO380

521. DIMtENSION D1(9).D2(9),D3(9),D04191,E3(9).E4[ 9) MMLL0390
522. DOUBLE PRECISION ARG,BEI,BEIP,BER,BERP,BI,2,B3,B4,CONDC,DCM, titLL0400

5,23. DE,DS,DSM,DSQ,DI,O ,D3,D4,EUL,E3,E4,,PI.PI2 , MFIMLL04t 0

524. PIOSRT2,RIP,RP,TWOPI,UUI1,V,VM,X,XINF,XKEZ, tRLL0420
525. XKEIP,XKERXKERP,Z,ZI,ZIM,ZSQ,Z3,Z4,ZMAX MItLL0430
526. DOUBLE PRECISION TENZERO,HALF MMLL0440

527. DATA TEN/0.DO/.ZERO/0.DO/,HALF/.500/ HMLL0450

528. C HMlLL0460

529. C COEFFICIENTS FOR EVALUATION OF BERP- 1MLL0470

530. C SUB-ZERO(XI FOR X GREATER THAN 0. ANDMMLL04O0

531. C LESS THAN OR EQUAL TO 10. MMLLO490

532. C MILL0500
533. DATA DI~l)/-1.2506046D-6/,DII21/l.7014S34510-4/ MtILL0510

534. DATA Dt(33/-t.372460361900-2/ tILLOS20
535. DATA DI14)/.623472634824300/ MMLLOS30

536. DATA DI(51/-14.484516949840300/ MLL540
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537. DATA Dl!6150.175471843,'278O/ MMlLL0550
538. DATA D" 7)/-565.14~0336746 ttLL 560
539. DATA D118 /542.5 4 ~22224700/ HIILL0570
540 . DATA DI(9!/-62.4999999999999D0/ IltLL0580
541. C MMtIL 090
s.z. C COEFFICIENTS FOR EVALUATION Or BElF- MM[ 0600
54.3. C SUB-ZEROMX FOR X GREATER THAN 0. ILLO610
544. C AND LESS THAN OR EQUAL TO 10. MNLL06,20
545. C 1111110630
546. DATA D2(1)/1.522698840-5/,D2(2)/-1.63311008370-3/ t1L L064 0
547. DATA D2(3)/9.9914706493,^D-&/ MMLL0650
548. DATA DZ(4)/-3.2919352108579D0/ 111110660
54.9. DATA D2 (5 )/52.144260897590500/ MIILL067O
550. DATA 02(6)/-336.393056902365100/ tIILL0680
551. DATA 02(7!/678.1684027747539D0/ WIILO690
552. DATA D218)/-260.4166666665533D0/ MML110700
553. DATA 02(91/4.999999999999300/ MMLL10710
554. C N11LL0720
555. C COEFFICIENTS FOR EVALUTION OF KElP- MMLL10730
556. C SUB-ZEFRDIX) FOR X GREATER THAN 0. W11110740
557. C AND LESS THAN OR EQUAL TO 10. 111110750
555. C 1111110760
559. DATA D3(1)/5.232943140-5/ M11LL0770
560. DATA D3(2)/-5.4188558408D-3/ MM1LL0730
561. DATA 03(3)/.3M/7418434686D0/ M11110790
5
6,'. DATA 03(41/-9.9412403209725D0/ MM1LL0300

563. DATA 03 (5 )/t47.5 14458591333700/ MtLLO81 0
564. DATA 03(W1-872.2191403672455D0/ IIMLLOO2O
565. DATA D3(7)/1548.484519665,3035D0/ 111110830
566. DATA 03(8 l/-477.4305555551 53600/ MI11100.40
567. DATA D3(9)/4.999999999997500/ MILL0050
568. C MI1LL0860
569. C COEFFICIENTS FOR EVALUATION OF KERP- t1HL1087 0

57. C SUB-ZEROMX FOR X GREATER THAN DR M11L10550
571. C EQUAL TO 0. AND LESS THAN OR EQUAL N11LL0890

52. C TO 10. N11LLO900

57.DATA 04(1 )/4.3682053D-6/,04(21/-5.752042283D-4/ 1111110 92 0
57.DATA D4(3)/4.462638621450-2/ tltLL093O0
57.DATA 04 (4 )/-1.93476692292q,37D0/ 111L1094.

577. DATA D4151/42.4Z^4690313103800/ MMILLOQSO
578. DATA 04(6)/-408.t5S4788,'9257M00/ WI1LL0960
579. DATA D4(71/1384.5938532337Z4520D0/ I(L109

7
0

550o. DATA 04(81/-1130.2'106712'96269.D00/ MMLLO930
551. DATA D4(9)/93.749999999999300/ MM1L10990
582. C MMILIOCO
533. C MILL111010
5 5- . C COEFFICIENTS FOR EVALUTION OF MILLI11020
585. C AUXILIARY FUNCTIONS FOR X GREATER MML1L1030
556. C THAN 10. WILLI 040
5137. C W(ILL 1050
535. DATA E3(I )/-5.630-8/,E3(2)/-I.671D-7/ MILL11060
539. DATA E3(3)/-l.470-8/,E3(4)/1.97-800-6/ MI1LLI 070
590. DATA E3(51.442'55D-5/.E3(61/7.250OC4D-5/ MILLI11080
591. DATA E3(7)/-8.OD-10/,E3(8)/-2.65165040D-2/ 111111090
592. DATA E3(91/1.ODO/ MIILL I 100
503. DATA E4(1)/-2.69O-8/,E4(21/-8.83D-8/ MI1111110
594. DATA E4(3)/-6.992D-7/,E4(41/-2.0042D0-6/ MM1(I2O
595. DATA E415)/7.90-9/,E4(6)/7.2'517/90-5/ 11(LL1130
506. DATA E4(71.17187400-3/,E4(8!/2.651650340-2/ MM1LL1140

176



NWC TP 6305

597. DATA E419)/O.ODO/ MtLLII50
598. C MiLLI 160
599. C MISCELLANEOUS CONSTANTS MILL 170
600. C MMLLI 180
601 . DATA P102/1.570796326794896600/ MMLL 1190
602. DATA TWOPI/6.28318530717958600/ R1LL1200
603. DATA P08/0.39269908169872 4150O/ 111LL1210
604. DATA RT./0.70710678t1865475200/ MfNLL1220
605. DATA XINF/Z7FFFFFFFFFFFFFFF/ MtILLI23O
606. DATA PI/3.141592653589793Z0/ f1hLL1,40
b07. DATA EUL/0.5772156649015328600/ MMLLI2SO
608. DATA ZMAX/119.no/ MMLL1260
609. IER = 0 MIILL1270
610. CALL MHKELO(X,BER,BEI,XKER,XKEIIER) MILLI 280
611. Z DABS(X) MlILLI, 90
612. IF IZ .GT. TEN) GO TO 15 tlMLL1300
613. IF (Z .EQ. ZERO) GO TO 10 MhLL 310
614. C CALCULATION OF FUNCTIONS FOR ABS(X) MI(LL1320
615. C LESS THAN 10. MMLLI330
616. Z Z/TEN W1ILLI340
617. ZSQ Z*Z WILLI 350
618. Z3 ZSQ*Z (IVILLI 360
619. Z4. ZSQ*ZSQ MMLL370
620. BI DI(I) MMLI1380
621. B2 02(1) MILLI 390
622. B3 D3(1) ftMLL400
6,3. 84 D4(I) itILL141 0
624. DO S 1 2,9 MtfLLI4Z0
625. B1 BIWZ4+01(I) 1lLLI1430
6Z6. B2 BZ:Z4+02(:) MtlLLI440
627. B3 B3 Z4403(I) 1 I'LL 4S0
628. B4 8 4Z4+D4(I) MIILLI'60
629. CONTINUE M1hLL1470
630. BERP = BIWZ3 MMLLI480
631. BEIP = ZNB2 MMLLI490
632. IF I X .LT. ZERO) GO TO 30 MIILLI500
633. RIP Z*B3 (11L 1510
634. R2P Z3*B4 MMLIIS0
635. CON (DLOG(X*I(ALF) + EUL) MILL 1530
636. V = DABS(X) tI'lLLI540
637. XKEIP = -PI02HALF eERP+IR1P-BEIP*CON-BEI/V) MILL150
633. XKERP = PIO2HALF*BEIP-(R2P*BERP*CON4BER/V) MMLLI560
639. GO TO 9005 MMitLL1570
640. C X EQUAL TO 0. DEFAULT TO PROPER 1LLI580
641. C VALUES M(LL1590
642. 10 BERP = ZERO MMLL1600
643. BEIP z ZERO MLLI6IO
644. XKEIP = ZERO MMLLI620
645. XKERP = -XINF MLI1630
646. GO TO 9005 1MLL1640
647. C X GREATER THAN 10. CALCULATE MlIILL1650
643. C AUXILIARY FUNCTIONS IMLL1660
649. 15 IF IZ .GT. ZMAX) GO TO 25 ttLL1670
650. ZI = TEN/Z MMlLL1680
651. tZIM = -ZI MMILL1690
652. U = E3(I) MMLI 700
653. UM : U MMLLI710
654. V = E4(1) IILLI720
655. VM = V t1iLL1730
656. 00 20 I 2.9 tllLLI740
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657. U = U*ZIE3(I1 M1LLI750
658. V = V*ZI+E4(I) MtlLL1760
659. Ul = UM*ZIM.E3(I) MLI770
660. VH = VM*ZIM+E4(I) MLLt780
661. 20 CONTINUE M1tL1790

662. ARG = ZNRT2 MMLL1800

663. OS z DSIN(ARG-PIO81 MHLL1810

664. DC = DCOS(ARG-PIO8) MMLI 820

665. DSK = OSIN(ARG
+ RI

8
)  

MMLL1830
666. CM = OCOS(ARG+PI08) MILL840

667. DE = DEXP(ARG MIILL1I850
668. DSQ = DSQRT(TWOPI*Z) MMLL1860

669. C CALCULATE THE DESIRED FUNCTIONS MMLLt870

670. BERP = DE*(U*DCM-V*DSMI/DSQ rtNLLI880

671. BEIP = OE*(V*DCM+U*DSMI/DSQ MMLLI890

672. IF IX .LT. ZERO) GO TO 30 MLL1900
673. XKEIP = -PI*(VM-OC-UtM*OS)/(DE*DSQ) MrlLL 9t 0

674. XKERP = -PI*(UtDC#VM*Sl/(DE*DSQ) MILL1920

675. GO TO 9005 MMLL1930

676. C Z TOO LARGE. MLL1940
677. 25 BERP = ZERO (ltLL1950

678. BEIP = ZERO Mt1LL1960

679. IER = 129 tLL1970

680. IF (X .LT. ZERO) GO TO 35 MtILL1980

681. XKEIP z ZERO MMLL1990
682. XKERP z ZERO M111000

683. GO TO 9000 MILL2010
684. C X LESS THAN 0. DEFAULT TO PROPER MllLL020

685. C VALUES MMLL1030

o86. 30 IER = 34 11LL1040

687. BEPP = -BERP 1111050
683. BEIP = -BEIP M1lLL2060

639. 35 XKERP z XINF M(LL1070

690. XKEIP = XINF MlLL,080
691. IF (IER .EQ. 0) GO TO 900S M1LL,2090

692. 9000 CONTINUE tlMLL2100

693. CALL UERTST(IER,6HMMKELD) MLL12110

694. 9005 RETURN MLL12120
695. END ttl L1130

696. C SUBROUTINE UERTST (IER,NAME) UERT00I0

697. C UERTO0O2
698. C-UERTST ---------------- LIBRARY ---------------------------------------- UERTO030

699. C UERTO040

700. C FUNCTION - ERROR MESSAGE GENERATION UERT0050

701. C USAGE - CALL UEPTST(IERNAME) UERI0060

702. C PARAMIETERS IER - ERROR PARAMETER. TYPE * N WhERE UERTO070

703. C TYPE
= 

128 IMPLIES TERIINAL ERROR UERTOO8O
704. C 64 IMPLIES WARNING WIIN FIX UERTO090

705. C 32 IMPLIES WARNING UERI0100
,06. C N = ERROR CODE RELEVANT TO CALLING ROUTINEUERT01|O

707. C NAME - INPUT VECTOR CONTAINING TIlE NAME OF THE UERT0120

708. C CALLING ROUTINE AS A SIX CHARACTER LITERAL UERI0t3O

709. C STRING. UERTO0.O

710. C LANGUAGE - FORTRAN UERT0150
711. C ----------------------------------------------------------------------- UERT0160

712. C LATEST REVISION - JANUARY '8, 1974 UERT0170

713. C UERTOIO

714. SUBROUTINE UERTST(IER,NAME) UERT0190

715. C UERT0200

716. DIMENSION ITYP(5,4),IBIT(4) UERTO2IO

178



NWC TP 6305

717. INTEGERN! NAME(3) UERT0220O
718. INTEGER WARNWARF,TERM:PRINTR UERT023O
719. EQUIVALENCE IIBITII ),WARN),(IBIT(2),WARF,(IBIT3),TERM) UERTO240
720. DATA ITYP /'WARN','ING ,* ' , , UERTOCSO
721. * 'WARN','ING(','WITH',' FIX',') , UERT0 60
722. 'TERM','INAL',' ' * UERT0270
723. 'NON-','DEFI'.'NED / I UERTO28O
724. IBIT / 32,64,128,0/ UERTO290
725. DATA PRINTR / 6/ UERI0300
726. IER2:IER UERT0310
727. IF (IER2 .GE. WARN) GO TO 5 UERT0320
723. C NON-DEFINED UERT0330
729. IER1=4 UERT0340
730. GO TO 20 UERT0350
731. 5 IF (IER2 .LT. TERM) GO TO 10 UERT0360
732. C TERMINAL UERT0370
733. IERI=3 UERT0380
734. GO 70 20 UERT0390
735. 10 IF (IER2 .LT. WARF) GO TO 15 UERT0400
736. C WARNING(WITH FIX) UERTO410
737. IERI=2 UERT0420
738. GO TO 20 UERT0430
739. C WARNING UERT044O
740. 15 IERI:) UERTO450
741. C EXTRACT 'N' UERTO460
742. 20 IER2:IER2-IBIT(IERI) UERTO470
743. C PRINT ERROR MESSAGE UERTO480
7l.. WRITE (PRINTR,2S) (ITYP(I,IERII,I:I,5),NAME,IER2,IER UERTO490
745. 25 FOPrAT(' NN I M S L(UERTST) *#4 ',5A.4X,3A2,4X,12, UERT0500
746. tER '13,)) UERTO510
747. RETURN UERT0520
748. E.ND UERTO530
7.9. SUBROUTINE MMKELI (X,BERI,BEI1,XKERt,XKEI),IER) tRILl0360
750. C MI L10370
751. DOUBLE PRECISION BERI,BEII.BERP.BEIPRT2.X,XINF,XKEIP,XKEII. MIL10300
752. XKERP,XKERI,ZEROZMAX MMl10390
753. DATA XINF/Z7FFFFFFFFFFFFFFF/,ZERO/0.O0/ MMLIO400
754. DATA RT2/0.707106781186547520O/ MMNLIO410
755. DATA ZMAX/119.O0/ MHLI 0420
756. IEP = 0 tltlLOL030
757. IF (X .EQ. ZERO) GO TO 15 MMLIO40
758. IF (DABSIX) .GT. ZtlAX) GO TO 10 tL) 0450
759. CALL tI:IKELD(X,BERP,BEIP,XKERP,XKEIP,IER) MML O60
760. BEII (BERP+EtEIPi *RT2 MMLi0470
761. BERI (BERP - BEIP) * RT2 MrtLL0480
762. IF IX .LT. ZERO) GO TO 5 MML0.90
763. XKEII = (XKERP + XKEIP) * RT2 M!IL0500
764. >KEPI = (XKERP - XKEIP) * RT2 MMLI0510
765. GO TO 9005 ItlL10520
766. C ARGUMENT IS NEGATIVE M1L10530
767. 5 XKERI = XINF MMLI050O
768. XKEII : XINF MtLI 0550
769. IER : 34 M1L10560
770. GO TO 9000 MttLl 0570
771. 10 CEII z ZERO tHMLI0580
772. BERI = ZERO MMLI 0590
773. * XKERI : ZERO MIL10600
774. XKEII : ZERO MtIL10610
775. IER = 129 IINL10620
776. IF IX .GT. ZERO) GO TO 9000 MML10630
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777. XKER1 XINF MIL110640
778. XKEII XINF Mlili 0650
779. GO TO 9000 MMLI0660

780. C ARGUMENT IS 0.0 M11L10670
781. 15 BEll ZERO tlIL10680
782. BERt ZERO Mtl L10690
783. XKERI = -XINF ItLLl 0700
784. XKEII = -XINF 1I1L10710

785. GO TO 9005 1911107O
786. 9000 CONTINUE tlL10730
.87. CALL UERTST(IER,6HMMKELI) lL 1 0740
783. 9005 RETURN MtlL10750
789. END MlltL10760
789.1 //GO.FTO9FO01 DO DSN:UYL.X5.A95.OATADOISP:SHR
790. //GO.SYSIN 00 *

791. RELATIVE DAMAGE IN STORAGE LOCATIONS
792. 10 0.4 0.667 2.0
793. 30000000. 450. 0.499 0.30 1.1 0.9 2.44 5.4E-S
793.1 6.OE-6 0.06
793.2 160.0 8.
/93.21 Ii
793.12 -60 5.59
793.23 -40 4.46
793.24 -20 3.47
793.25 0 2.59
793.26 20 1.81
793.27 40 1.18
793.28 60 0.48
793.29 80 -0.08
793.3 00 -0.59
793.31 120 -1.16
793.32 140 -1.48
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0.1 /1JOB (A95$X5,516,0.25,10),'GEORGE DERBALIAN'

0- 15 /JOB3PAPM? FORMS=1481
0.2 //EXEC FORTCLG
0.25 //FORT.SYSIN DO

0. 3 C,'/ EXEC WATFIV
0.35 C//IGO.SYSIN 00
0.4 CIWATFIV
0.41 C
0.412 C CAPTIVE.FLIGHT
0.414 C GEORGE DERBALIAN
0.416 C APRIL t981
0.018 C THIS PROGRAM COMPUTES ROCKET DAMAGE DURING CAPTIVE FLIGHT
0.42 C
0.45 IMPLICIT REAL*B(A-H,O-Z)
0.5 COMMON /GREG4/'W,I4A
0.55 COMMtON/FAIL/ATTEIIP,DD,SUPSCR,XIO
0.6 DIMENSION ITP( 25hSIFT(25),TITL(20)CFA(OO),CDFD(200),liGC100)
1. READ(5.500) TITL
2. WPITE(6,600) TITI
2.1 500 FORtIAT120A4)
2.2 600 FORtMAT('I',/20X,.*** 1.20A4. N*

3. REAO(5,S5I I ITIME,SCFD.SCFAXKT
3.1 IF (XKT.EQ.0.01 XKT=1.0
4. READ(5,501 I EC,EP,PR,PRCDIFF.RIB,ALP,ALPCH
4.1 501 FOFNAT(8F 10. 3)
5. Wq~ITE(6,60I I EC,EPPR,PRC,DIFF,RIBALPALPC,H
6. 601 FORMAT(/lX,'tlCDULUS OF CASING' .Fl5.Z,lX,'PSVl/lXp
6.t * 'MODULUS OF FROPELLANT 1,Fl5.2,lX,lPSIl,/lX,
7. I 'POISSON"S RATIO OF PROPELLANT' ,Fl0.4%/lX,
8. 2 'POISSON'S RATIO OF CASE',FIO.4#/IX,
9. 3 'THIERMIAL DIFFUSIVITY OF PROPELLANT 'vEl2.4sIX,'INMIN/HR',/lX,
10. S 'INNER RADIUS OF rROPELLANT'sFIO.4,lXp'IN',/lXp
11. 4 'RADIUS OF PROPELLANT ',FIO.4.lX,'IN'./IX,
12. 5 'COEFFICIENT OF THERMAL EXPANSION OF PROPELLANT '.EIZ.4slXp' I/F',
13. 6 /lX*'COEFFICIENT OF THERMAL EXPANSION OF CASE '.EtZ.4.lX,'l/F'
14. $ /IX,'THICKNESS OF CASING' .FlO.5,lX,'IN')
15. WRITE(6,651 I ITIt1ESCFD,SCFAXKT
16. 651 FORtMAT(/IX,'TOTAL TIME=',I59
17. 1 HRS',SX,'DIURNAL AMPLITUDE SCALE:',Fl0.4,5X.,SEASONALl,
18. 2 'AMPLITUDE SCALE=',Fl0.4p5X*'XKT:',FlO.2)
19. 551 F0111AT(15.3F10.3)
19.1 READ(5,501) SUSCR
19.2 WP'ITE(6,614) SU.SCR
19.3 614 F0RtMATI/lX,'STRESS REQUIRED TO CAUSE FAILURE IN I fIN'.EI2.4,IX,'P
19.4 SSI',5X.'CRITICAL STRESS BELOW WH.ICH NO FAILURES OCCUR',EI2.4,IX*
19.5 $ 'PSI,)
19.51 READI5,551) NAT
19.52 READ(5,552) (ITP(I),5HIFT(II,I:I ,NAT)
19.525 552 FCRMAT(I5,FIO.2)
19.53 W4ITE(6,6101
19.54 610 FO7MAT(/1X,-TEMPERATURE F'*SXP'SHIFT FACTOR')
19.55 WRITE(6,611) (ITP(I),SHIFT(II,I~f.NAT)
19.56 611 F0911AT(3X,IS,8XFt0.3)

0. C DEFINE GLOBAL CONSTANTS
21. W=0.2617994D0
22. WA=W/365.0
23. CALL CONSTIRI,B,HEP.PR,ALP,DIFF,EC,PRC.ALPC)
25. C INITIALIZE RANDO0M NUMBER GENERATING VARIABLE ISEED
,6. ISEED=983145267
27. C
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28. 111=0
29. 77 IR=IR.,
^9:1 WRITE(6,658)
29.2 658 FORtAT(V)
33. READ(5,551,END:99) XAMIISO
33.1 C REFERENCE STRESS FREE TEMIPERATURE 75F
34. IAMTzIAt1T-75
35. WRITE(6,652) IAfIT,SO,IR
36. 652 FORMAT(IS.IXOAVERAGE ANNUAL TEtPERATURE.SXpOSD='pFl0.2#SX&
36.J S LOCATION,IS)
55. C

57. ATO=I.00
58. XIO=0.0
58.1 TAL=0.0
58.2 TDL=0.O
59. C
60. 0O 8 3:) ,ITItIE
60.1 TItlE=!
61. CALL AtIPL(SDAttP.ISEEO)
62. AIT=IAMT+AtlP
65. CALL TEMIPER (TItIE.AtT.TALTDLTEIPI
66.1 IF(TEtIP+75.0.GT.ITP(1)) GO TO 10
66.15 AT:SHIFT( )+E'tEt1P*75.0-ITP(1 )N(SNIFT(2)-SHIFTtI ))/
66.2 $ (ITPI2)-ITPt 1))
66.25 GO TO il
66.3 Jo 00 12 11=2,NAT
66.35 IF tITP(III.LT.TEMP+75.) GO TO 12
66.4 AT=5SUIFTIII-l)4(TEI1P,75.0-ITP(II-l l)*(SHIFT(III-Sf4IFT(II-til/
66.45 ( ITP(II)-ITP(II-1))
66.5 GO TO 11
66.55 12 CONTINUE
66.6 AT:SliIFT(NATI+tTEIP+7.0-ITP(NATIISHIFTINATI-SHIFT(NAT-l Ill
66.65 $ (ITP(t4AT)-ITP(HAT-1))
66.7 It AT=OEXP(2.3O,-5850O*AT)
67. CALL STRESS(TItIE.AIITTAL*TDL#SH)
67.1 00:0.
67.2 cc WRITE(6,640) 1,511
67.3 CC640 FCPItIAT(X,TtIIE:,,15SX,STRESS=:,E12.5)
67.4 S4=XKT*SH
68. CALL DAr16GE(SH)
69. DIGIR)=OO4OMG(IR)
70. ATO=AT
70.1 K=1/100
70.11 K:KWiOO
70.12 K=I-K
70.2 IF (K.EQO) WRITE(6,64.1) I,DhlG(IR),TEP
70.3 641 FORtIT(IXTWtE:',IS5,XAAGE2,E12.5,SX,'TEMIP:,F0.2)
71. 8 CONTINUE
72. C
75. GO TO 77

6. COULD USE A SORTIING ROUTINE HERE
76.01 99 IR=IR-1
76.02 W.RITE(6,657)
76.03 657 FOWNATIII.RELATIVE DAMAGE-)
76.1 WRITE(6,656) ID1()I1,~
76.2 656 FORtiATIX,'LOCATION:,913,SX,'OAtIAGE:l,E12.5)
77. STOP
78. END
79. C
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80.
81. C
82. SUBROCUTINE RANSEAI SCFAPCDFATALPISEED)
82.t IIIPLICIT REAL*S(A-HO-Z)
82.15 REAL*8 COFA(200)
82.2 REAL*4 X
83. CALL RAN'DK(ISEEO,X,0)
83.1 XX=X
84. 00 4 1:1,200
85. XI:I
86. 4 IF (CDFA(I).GT.XX) GO TO 5
87. 5 TAL=(0.5*XI-0.5(*SCFA
88. RETURN
89. END
90. C
91.
92. C
93. SUBROUTINE RANOAYISCFO,CDFO,TDL,ISEED)
93.1 IMPLICIT REAL*8(A-H,O-Z)
93.15 REAL*8 CDFD( 200)
93.2 REAL*4 X
94. CALL RANDKIISEED,X,0)
95. 00 6 1=1,200
95.1 XX =x
96. XI=I
97. 6 IF(CDFDII).GT.XX) GO TO 7I98. 7 TDL=SCFD*(0.5S*XI-0.51
99. RETUPN

100. END
100.1 C
100.12 C W W* w w w w w w w Kw wa
100.14 C
10C.16 SUt.POUTINE AMPL(SDAMP*ISEEO)
100.18 IMPLICIT REAL*8(A-H,O-Zl
100.2 REALM'. P
100.22 AO=2.30753
100.24 AI=0.27061
100.26 B1:0.992Z9
100.28 E%2=0.04481
1C0.3 CALL RAtDK(ISEEO,P,01
100.32 PP=I.0-P
100.34 IF (PP.GT.0.5) GO TO 1
100.36 V=DSC RT(OLOG(1 ./PP/PP))
100.38 AMIP=(V-(A04Al*V)/(I.0

4
SlNv.B2*V*V))*SD

100.4 RETUTH
100.42 1 PP=I.0-PP
100.4. V=DSC lT(DLOG(l1.0/PP/PPII
100.46 AtP=(-V*(A0*A1*V)/tl.0.B1WV4BZWV,Vl)*SD
100.48 RETURN
100.5 END
i01. C
102.
103. C
104. SUBROUTINE RANOK (IT, YFLP INDEX)
105. C
106. C THIS IS A UNIFORM RANDOM NUMBER GENERATOR WRITTEN BY G. E.
107. C FORSYTHE IN SPRING 1969s FOLLOWING 0. KNUTH. THE ART OF COMIPUTER
108. C PROGRAMMING, VOL. 2. PP. I55-156. IT IS MUCH SUPERIOR TO RANOU,
109. C THE RANDOM NUMBER GENERATOR FOUND IN IBM'S SCIENTIFIC SUBROUTINE
110. C PACKAGE.
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112. C BEFORE THE FIRST CALL OF RAHDK, IY SHOULD BE SET OUTSIDE RANOK
113. C TO AN ARBITRARY INTEGER VALUE. (IN WATFOR THIS IS ESSENTIAL.)
114. C FOR PROGRAM CHECKOUT, THE INITIAL VALUE OF IY SHOULD BE A FIXED
Its. C INTEGER. FOR RANDOM NUMBERS DIFFERENT ON EVERY RUN (AND HENCE
116. C NOT REPRODUCIBLE), DECLARE INTEGER CLOCKI AND THEN INITIALIZE
117. C IY TO CLOCKI(4).
118. C
119. C IF RANOK IS CALLED WITH AN INTEGER INDEX = 1, THEN THE OUTPUT
110. C VALUE OF IY IS A PSEUDORANDOM INTEGER UNIFORMLY DISTRIBUTED IN THE
1'1. C RANGE 0 <= IY < 2*3I1.
122. C
123. C IF RAUOK IS CALLED WITH INDEX = 0, THEN NOT ONLY IS IY PRODUCED,
124. C BUT ALSO (AT SOM:E EXTRA COST IN TIME) A FLOATING NUMBER YFL, UNI-
125. C FORMLY DISTRIBUTED IN THE INTERVAL 0.0 <: YFL < 1.0.
1'6. C
127. IY = IY*31459269 + 453806245
128. 4 IF (IY .GE. 0) GO TO 6
129. C
130. C CAUTION: THE STATEMENT LABEL 4 IS ESSENTIAL IN ORDER TO PREVENT
131. C CERTAIN COMPILERS (E.G., FORTRAN H WITH OPT 0 FROM PERFORMING
132. C UNWANTED "OPTIMIZATIONS." IT SHOULD NOT BE REMOVED.

133. C
134. 5 IY = IY + 2147483647 4 1
135. C STATEMENT 5 ADDS 2*w31 TO NEGATIVE VALUES OF IY
136. C
137. 6 IF (INDEX) 7, 7, 8
13S. C
139. 7 YFL = IY
140. YFL = YFL*.4656613E-9
141. C
142. 8 RETURN
143. END
144. C
145. C
146. C
147. SUBROUTINE DAMAGE(S)
148. ItIPLICIT REAL4S('A-H,O-Z)
149. COtll'ON/FAIL/AT.TEMP,DD,SU,SCR,XIO
15. IF (S-SCR .GT. 0.0) GO TO 1
152. XIO:0.0
153. RETUPN

154. 1 CN=DLCIOIS-SCR)
155. BD:9.3DO
157. XI:((S-SCR)N9*BB)/AT
158. DO=30.ODOI XI+XIO)/(SU-SCRN"'BB
159. XIO=XI
160. RETURN
161. END

163. C

165. SUBROUTINE TEMPER(T,AMT,TALTDLTEMP)
166. IMPLICIT REAL*8(A-H,O-Z)
168. COMMION /GREGT/ TCOSD,TSINDTCOSYTSINY
169. COMMON /GREGW4/ IDAYNYEAR
170. WT a WYEAR * T
171. TEMP = TAL * (TCOSYMDCOS(WT) + TSINY*DSIN(WT))
172. WT = MDAY * T
173. TEMP TEMP 4 TOL*(TCOSD*DCOS(NT)*TSINDwDSIN(WT))
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174. TEMP TEMIP 4AMIT
175. RETURN
176. END
177 . SUDROUTINE STRESS(T AMIT TAL,TDLSN)
178. IMIPLICIT REAL*8tA-H.O-Z,
ISO. CO?1NON /GREGS/ SNCO,SHSO,SHCY,SHSY,SHCON
181. CONNON /GREGW/ WOAYWYEAR
182. WT = WYEAR *T
183. SN TAL * (SHCY*DCOS(WTI4SHSY*OSIN(WT))
184. 14T = WDAY*T
185. SN SN * TOL*(SHCD*OCOS( WT)+SHSOWDSINI NT))
186. SN SN + SHCON*AMT
187. PETURN
188. END
189. C
190. C M* ~W
191. C
192. SUCROUTINE CONST(RI,RO,H,EP,VPALP,DIFF.EC.VCoALC)
193. IMPLICIT REAL*8 (A-H,O-Z)
194. REAL*8 INTC,INTS
195. COMPLEX4'16 BOA
196. COMMON /GREG/ PR,E.F,DE,DF,C.O
197. COMMON /GREGT/ TCOSO,TSINO,TCOSY,TSINY
1 98. COMMON /GREGS/ SHCOSHSD.SHCY,SHSY.SHCON
199. COMMON /GREGW/ WOAYWYEAR
200. 1I
201. PDAY DSQRT(WDAY/DIFF)

202. PYEAR DSQRT(WYEAR/OIFF)
203. P PDAY
204. 10 PA P *RI
205. CALL MMtKELI(PAPBER.BE!,XKER,XKEI,IERI
206. BOA = CNIPLX(BEI,-BER)/DCMPLX(-XKEI,XKER)
207. C =OREAL(BOA)

208.0 =DIMAG(SOA)
209. PR =P *RO
CIO. CALL EANDF
211. A =-F/(E*E+FWF)
212. 5B E/(E*E*F*Fl
113. PR =PA
214. CALL EANOF
215. TSINY =B*E -A*F

216. TCOSY =A*E 4B*F

217. IF(I.EQ.2) GO 7O 20
218. TSINO =TSINY
219. TCOSD =TCOSY
2210. 1 2
221. P= PYEAR
222. GO TO 10
223. 20 1=I
'24. P POY
225. DEN4CN=( .OO4VPIW( (I.O0-2.0WVPI*RO*RO+RI*RI I/I RO*RO-RI*Rl)
226. C 4 (1.00-VC*VCI*RO*EP/(H*EC)
227. 30 PR =P *RO
228. CALL DEAOF
229. ZI=2.DONEP*ALP*(I .D04VP)wR0/(P*(RO*RO-RI*Rl))
230. ZS=A*OE * OF
231. ZC =A*OF -B*'OE

232. PS =(Zl*ZS - ALC*11.00+VCINEP)/DENOI
233. PC =Zt*ZC/OENOI
234. PCON l(Zl*PK(RO-RZ)/RO)-ALC*(1.D04VC)*EPH/DENO1
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235. ZI = RO*RO/(ROwRO-RI*RI)
236. PC = PC : Z1
237. PS PS * ZI
233. PCON = 2.0Z1*PCON
239. Zt = ALP*EPwRO/(PW(I.DO-VP)W(RO*RO-RI*RI))
240. INTC = ZlZC
241. INTS = ZIWZS
242. INTCON 2.D0*ALPWEP/(I .D0-VPIW(RO*RII)
243. PR = P RI
244. CALL EANOF
245. CALL DEADF
246. Zi = ALP*EP/(P*I1.D0-VP)*R!)
247. SHCY = ZI * (A4DF-B*DE)
248. SHSY = ZI * (A*DE + BWOF)
C49. ZI = ALP*EP/(I.DO-VP)
250. SHCON IHTCON - PCON - Zi
251. SIlCY SHCY - ZI*(A*E*B*F)
252. SCY SHCY * (INTC-PC)*2.D0
253. SlSY SNSY - ZIN(-A*F*BWE)
'54. SHSY SHSY * (INTS-PS)*2.00
255. IF(I.EQ.2) RETURN
256. I = 2
,57. P = PYEAR

.5. SHCD SIICY
259. 5H3D = SHSY
260. GO TO 30
262. END
263. C
264. C **W W W4WN N wwwN wwwwN*wN Nw

65. C
266. SUBROUTINE EANOF
267. IMPLICIT REAL*8 (A-HO-Z)
268. COMMON /GREG/ PR,E,F,DE,OF,CD
269. CALL M.IKELO(PR,BERBEI,XKER,XKEI,IER)
270. E = BER + C*XKER*- O*XKEI
271. F = BEI + C*XKEI 4 D*XKER
272. RETURN
273. END
274. SUPOUTINE DEADF
275. IMPLICIT REALMS (A-H.O-Z)
276. CO:.;ON /GREG/ PR,E,F,DE,OF,C,D
277. CALL tlMKELD(PR,BER,BEI,XKER,XKEI,IER)
'78. DE = BER + C*XKER - DWXKEI
2;'9. OF = BEI 4 C'*XKEI 4 D*XKER
280. RETURN
281. END
232. C SUROUTItIE MMlEL0 (X,BER,BE!,XKER,XKEI,IER) tIIL00010
Z03. C MIILO00 0
234. C-MIMKELO ----- 0-- D ------- LIBRARY I --------------------------------------- ttL00030
-.5 C MMLO0040

-86. C FUCTION - EVALUATE THE KELVIN FUNCTIONS BER,BEI,KER ANO ItLO0050
287. C KEI OF ORDER ZERO MtlLO0060
^38. C USAGE - CALL MI1KELO(X.BER.BEI,XKER,XKEI.IERI tlLO0070
289. C PARAMETERS X - INPUT ARGUMENT. IF X IS NEGATIVE, A WARNING MtILOO080
290. C ERROR IS PRODUCED AND VALUES OF POSITIVE tMMLO0090
Z91. C MACHINE INFINITY WILL BE RETURNED FOR XKER HILO0100
292. C AID XKEI. ItILO0110
293. C BER - OUTPUT ARGUMENT MItLO0120
294. C BEI - OUTPUT ARGUMENT htlLO030
295. C XKER - OUTPUT ARGUMENT RETURNED ONLY MIEN X IS ILO0140
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296. '. POSITIVE. MMILOO150
297. C XKEI - OUTPUT ARGUMENT RETURNED ONLY WMEN X IS HIIL00160

2. C POSITIVE. 1IMLOOI 70
2. C IER - ERROR PARAMETER MML00I80

300. C TERMINAL-ERROR = i,8'N. MLOOI90
301. C N =I INDICATES THAT THE ABSOLUTE VALUE OF )IML002OO
302. C X WAS GREATER THAN 119. BER AND BEI ARE MMLOOZIO
303. C SET TO ZERO. IF X I5 NON-NEGATIVE, XXER I1HL00220
30-.. C AND XKEI ARE ALSO SET TO ZERO. OTHIERWJISE, MML00230
305. C >,KER AND XKEI ARE SET TO POSITIVE MACHINE MHLOOZ,4O
306. C INFINITY. 32 NMML0O250

3058. C N =2 INDICATES THAT X IS NEGATIVE. M00270
309. C XKER AND XKEI WILL BE RETURNED AS MMLOO280
310. C POSITIVE MACHINE INFINITY. MML00290
31). C PRECISION - DOUBLE tmlI f,0300
312. C REQO. It:SL ROUTINES - UERTST MMLCQ3I 0
313. C LANSUAGE - FORTRAN MML00320
314. C-------------------------------------------------------------------------111100330
315. C LATEST REVISION - APRIL 30,1975 MM1L00340
318. C IIMLOO350
317. SUEPOUTINE MMKELO (X,BER,BEI.XKER,XKEI,IER) MI)L00360
3)8. C M!1L0037O
319. DIMENSION Cl (9),C2f 9),C3(9),C4(9),EI) 9),EZtI 1 11)00380
320. DOUBLE PRECISION Ci ,C2,C3,C4,EI ,E2,PIO8,RT2.>XIHF, MHL00390
32)1. PIEUL,TEN,ZERO,NiALF,ON4E,ARG,BER,BEI,BI,B2,B3. MML00400
3221. B4,CON,DCDCMDE,DS,DS,DSQ,P102,RI,R,S,SIT, MML100410
3213. TM,TWOPI,X,XKER ,XKEI,Z,ZI ,ZIM,ZSQZ4 ,ZMAX MMLOO420
324. C MM LO 0430

32. C COEFFICIENTS FOR EVALUATION OF MMLOq44O
326. C BER-SUB-ZERD(X) FOR X GREATER THAN H11L00450
3,27. C 0. AND LESS THAN OR EQUAL TO 10. M)IL0O.60
328. C MML0O470
329. DATA ClII)/5.16070465D-5/,Ci,. '-4.8987125727D-3/ 11LO10480
330. DATA C113)/.2597773000700/,C114)/-7.24221567278207D0/MiL0490
331. DATA Cl(51/93.6596691297i726D0/ MML00SOO
332. DATA C1)6)/-470.95027958899600/ MHL005i0
333. DATA Cl17)/678.1684027663091D0/ MMLOOS2O
334. DATA C118)/-156.,499999r;95701D0/ MML100530
335. DATA ct19)/.999999999997400/ MHL00540
33'.. C MM1110550
337. C COEFFICIENTS FOR EVALUATION OF MML0060
338. C BEI-SUB-ZEPDIX) FOR X GREATER THAN 0.MML00570
339. C AND X LESS THANI OR EQUAL TO 10. MML00SSO
340. C MML00590
341. DATA C2(I l/4.491300OD-6/,C2)2)/-5.44.2'31750-4' M11LOO600
342. DATA C2(3)/3.8428S887340-'/ mm100610
343. DATA C2(4)/-i.496334274974,DO/ MML0062O
344. DATA C2(5)/28.9690338786499D0/ M11L00630
345. DATA C216)/-240.,'807549442157400/ 11HL00640
346. DATA C2M7/678.16840,177698,07D0/ HML00650
347. DATA C'2181/-434.027777777747900/ MM)100660
345. DATA C219)/24.999999999999LID0/ MML00670
349. C M)1100680
350. C COEFFICIENTS FOR EVALUATION OF 111100690
351. C KEI-SL'B-ZERD(X) FOR X GREATER THAN MML00700
352. C OR EQUAL TO ZERO AND X LESS THAN OR MML00710
353. C EQUAL TO 10. MM11007Z0
354. C M1)100730
355. DATA C3( i/I .54363047D-5/,C312 I/-I .80647778600-3/ MML0074O
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356. D1ATA C313:/.1 22208738219200/ M1L00750
357. DATA C3 14/4.518 74591 26390/ H1L 00 76 0
355. DATA C315)/81.9524771606200D0/ WIL100770
359. DATA C3(6)/-623.OI367i7'.0520100/ MML00780
360. DATA C3(7)/1548.484519673099200/ MMI100790
361. DATA C3(8)/-79S.7I759-S92436600/ WILOOS00
362. DATA C3(9)/24.99999999999300/ M11100810
363. C M111008 20
364. C COEFFICIENTS FOR EVALUATION OF MHL100830
365. C KER-SUB-ZERO(X) FOR X GREATER THAN ORNMiLOO8.0
366. C EQUAL TO ZERO AND X LESS THAN OR 1111100850
367. C EQUAL TO TEN M11110860
368. C MMHL00870
369. DATA C411)/I.2161109D-6/,C4(2)/-1.7976279860-4/ MM1L0083 0
370. DATA C4(3)/1.593801497050-2/ M11110890
371. DATA C414)/-.8061529027876D0/ ItIL00900
372. DATA C4IS)/21.2123451660231D0/ MML100910
373. DATA C4(6)/-255.09717427104.7900/ H11L00920
374. DATA C4(7)/1153.8281852814561DO/ MM1LO0030
375. DATA C4(8)/-1412.850839120363600/ MtIL00940
376. DATA C4(9)/234.37500/ MML100950
377. C MM)100960
378. C COEFFICIENTS FOR EVALUATION OF MtL00970
379. C AUXILIARY FUNCTIONS FOR X GREATER MML100980
380. C THAN 10. MML100990
381. C MIILOI 000
352. DATA EI)1)/4.920-8/,El12)/1.452'0-7/,EI)3)/t.350-8/ M#1L01010
3S3. DATA EI(41/-l.6192O-6/,EI(5)/-I.I22,07D-S5I MML101020
334.. DATA EI(6 I/-2. 178690-5/,EI( 7)/7.00-I0/ I1L01030
3315. DATA EI(8)/8.83883460-3/,E119)/I.ODO/ M11LOI040
336. DATA E2(1)/-2.43D-8/,E2(2)/7.SD-8/,E2(3)/5.9290-7/ MML111050
337. DATA E2(4)/1.6431D-6/,E2,15)/-7.2D-9/ 111101060
338. DATA E2161/-5.18006D-5/E271/-7.031I2410-4/ MM1L01070
359. DATA E2 (8 1/-8. 83883400-3/, E 29)/0.0 0/ MILO01080
3Q0. C 1111101090
391. C MISCELLANEOUS CDIISTANTS M1IL oilIOO
392. C 11111011I
393. DATA PI02/1.5707963267948966D0/ MO1100
3:4. DATA TL'OPI/6.2831853071795S600/ MM1110)13
395. DATA P108/.39269908169872415D0/ MIlLO 1140
395. DATA RT2/.70710673118654752D0/ 191101150
3 7. DATA XINF/Z7FFFFFFFFFFFFFFF/ 111101160
305. DA.TA PI/3.14159,2653589793ZDO/ 1111101170

3~9.DATA EUL/.5772I566'.901532S6D0/ 1111101180
400. DATA TEN/I0.DO/,ZERO/O.DD/,HALF/.500/,ONE/I .00/ M11110190
4.01. DATA Z11AX/119.DO/ MMti1 00
'402. ZER m0 MIILOI ' 10
403. Z DABS(X) 1111101220
4.04. IF (Z .GT. TEN) GO TO 15 IIILOI 230
4.05. IF (Z .EQ. ZERO) GO TO 10 1111101240
4.06. C CALCULATION OF FUNCTIONS FOR ABS(X) 1l1L012'5O
407. C LESS THAN 10. M1111026D
4.08. Z Z/TEN IIMLOI 270
4.09. ZSQ Z*Z 111101280
4.10. Z4. ZSQ*ZSQ MM1LO1 290
411. 81 CIII) 1111101300
412. B2 C2(1) MIILOI 310
4.13. B3 CS(1) K"L1013,'0
414. El4 C4() ) 11101330
4.15. 00 5 1 2.9 1IMLO1340
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416. B1 = BI*Z4+CIII) MML01350
41 7. B2 = B2*Z44C2(I) HML0I360

418. B3 = B3*Z4 4
C3(I) 11'L01370

,19. E4 = B4%Z4
4
C4(I) MtIL01350

420. 5 CONTINUE M11-01390
421. SEP = BI HL01400
4. =EI ZSQ*82 MtIL01410
4."3. IF (X .LT. ZERO) GO TO 30 M11L014"O
424. RI = ZSQ*B3 MtL01430
425. RZ = Z4*B4 MtlL01440

4 26. CON (DLOG(X*HALF)
4
EUL) MILO01450

427. XKEI -PIOZ*HALF*EER*(RI-BE*CDN) 1tlL01460
4-18. XIKER PIO2*NALFwBEI-(RZ*BER.CON) 111.01470
429. GO 10 9005 1lrL01480

430. C X EQUAL 0. DEFAULT TO PROPER VALUES 11-01490
'31. 10 BER = ONE WIL01500

4,32. SET = ZERO ML01SiO
1433. XKEI = -HALFWPIO2 MIL01520
434. XKER = XINF tlL01530

435. GO TO 9005 M1IL0140

436. C X GREAIER THAN 10. CALCULATE 11-01550
437. C AUXILIARY FUNCTIONS ttIL01560
433. 15 IF (Z .GT. ZMIAXI GO TO 25 11.01570
439. ZI = TEN/Z 11-01530
440. ZIM = -ZI MtILO590
4-41. S EI() 111L01600

442. S 1 S tiIL01610

'4.3. T E2(1) MIL01620
444. TK = T MML01630

445. DO 20 I = 2,9 rltL01640

44 5. S = S*ZI+EiI() MlL01650
4,47. T = T*ZIE',(I) 11.01660

443. SM = Stf*ZIM+EI(I 11-101670
449. TM = TM*ZItI1E2(I) MtlL01680

450. 20 CONT INUE triL01690
451. ARG = ZPT2 1101700
452. OS = DSIN(ARG-P108) MtILO 1710

453. DC = DCOS(ARG-PIOS) 11-017,0
454. DSM = DSINIARG4PIO8) 11-01730
455. DCH = DCOS(ARG+PIOS) 11.01740
456. DE = DEXPIAPG) tlL01 750
457. DS = OSORT(TWOPI*Z) Mr1L01760

458. C CALCULATE THE DESIRED FUNCTIONS 11.'01770
459. BER = DEW(SODC-T*DS)/DSQ 11101 780
460. SET = DE*(T*DC*SODS1/DSQ 11101790
461. IF IX .LT. ZEROI GO TO 30 11-01800
462. XKEI PI*(Ttl-DCM-$*DSMI/(DE*DSQ) ML01810

4&3. XKER PIwiSM-DCtl
4
TM*DSM)/(DE*DSQ) 111101820

464. GO TO 9005 ILO0830

465. C Z TOO LARGE. 11tL01840
466. 25 BER = ZERO ttit 01so

467. BET = ZERO 1lt 01860
468. IER = 129 111.01870

469. IF (X .LT. ZERO) GO TO 35 M111.01880
4-0. XKEI ZERO M110890
471. XKER ZERO 11L01900
472. GO TO 9000 MILD01910
473. C X LESS THAN 0. DEFAULT TO PROPER 11L01920

474. C VALUES t11L01930

475. 30 IER 34 HMILO0940
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476. 35 XKEI = XIHF 11L01950
477. XKER : XINF IML01960
478. IF (ER .EQ. 0) 60 TO 9005 MKL01970
479. 9000 CONTINUE 1ML01930
480. CALL UERTST (IER.6HttIKELO) MMLOl990

481. 9005 RETURN MML02000
482. END ML02010
483. C SUDROUTINE "lWELD (X,BERPBEIPXKERP,XKEIP,IER) tIMLLO010
484. C MMLLO0O20
485. C-MMKELD ------- 0 ------- LIBRARY I --------------------------------------- MLLO030
486. C M 0LLO040
487. C FUNCTION - EVALUATE THE DERIVATIVES OF THE KELVIN 11LL050
438. C FUNCTIONS (BERoBEIKER AND KEl) OF ORDER MIlLOO O
489. C ZERO. MttLLO070
490. C USAGE - CALL tIMKELDIXBERP,BEIPXKERPXKEIPIER) MtLL0080
491. C PARAMETERS X - INPUT ARGUttENT. IF X IS NEGATIVE, A WARNING M1LL0090
492. C ERROR IS PRODUCED AND VALUES OF POSITIVE MLL0100
493. C MACHINE INFINITY WILL BE RETURNED FOR XKERP MMLLOIIO
494. C AND KEIP. tILL0120
495. C BERP - OUTPUT ARGUMENT MtLLOI30
496. C BEIP - OUTPUT ARGUENT MILLO140
497. C XKERP - OUTPUT ARGUMENT RETURNED ONLY WHEN X IS 11ILLOI5O
498. C POSITIVE. MLL0160
499. C XKEIP - OUTPUT ARGUMENT RETURNED ONLY NHEN X IS MILL0170
500. C POSITIVE. MMLL0180
501. C IER - ERROR PARAMETER. MLLOI90
502. C TERMINAL ERROR = 1284N. M1LLO00
503. C H = i INDICATES THAT THE ABSOLUTE VALUE OF 1VILL0210
504. C X WAS GREATER THAN 119. BERP AND BEIP ARE tttLL0220
505. C SET TO ZERO. IF X IS NON-NEGATIVE, XKERP MtILL0230
506. C AND XKEIP ARE ALSO SET TO ZERO. OTHERWISE,MMLL024O
507. C XKERP AND XKEIP ARE SET TO POSITIVE MMLL0250
508. C MACHINE INFINITY. MtILL0260
509. C WARNING ERROR = 324N. tMLL0270
510. C N = 2 INDICATES THAT X IS NEGATIVE. MMLLO2BO
511. C XKERP AND XKEIP WILL BE RETURNED AS MP1LL0290
512. C POSITIVE MACHINE INFINITY. MtILL0300
513. C PRECISION - DOUBLE MIIL0310
514. C REQD. IMSL ROUTINES - MtIKELOUERTST MfILL0320
515. C LAN3UAGE - FORTRAN MNLL0330
516. C ----------------------------------------------------------------------- tLL0340
517. C LATEST REVISION - SEPTEMBER 221976 tLL0350
518. C MLL0360
519. SUDROUTINE MtMIELDIXBERPBEIP.XKERP.XKEIPIER) MMLL0370
520. C MtILL0380
521. IIIEHSION 0I(9)P02(9)D319),D4(9).E319),E4(9) MfILL0390
522. DOUBLE PRECISION ARG,BEI.BEIP,BERBERPOI B2,B3.B4,,CH.DCDCM, 11LL0400
523. * DE,OS,DStl,DSQ,DI,02,D3,D4,EULE3,E4,PIPI02P MMLL0410
524. PISRT2,RIP,R2P,TWOPIUUoU.V.VM.X,XINFXKEIt MMLL0420
525. * XKEIP,XKER,XKERP,Z,ZIZIHZSQZ3,Z4,ZIAX MILL0430
526. DOUBLE PRECISION TEN,ZEROHALF tMLL0440
527. DATA TEN/lO.O0/,ZERO/0.O0/,HALF/.500/ MlILL0450
528. C PtltL0460
529. C COEFFICIENTS FOR EVALUATION OF SERP- MLL0470
530. C SUB-ZERO(X) FOR X GREATER THAN 0. AHDtMLL0480
531. C LESS THAN OR EQUAL TO 10. tfILL0490
532. C MLLOSO0
533. DATA DII1)/-I.25060460-6/,DiIZ)/I.7014534510-4/ MMLL0510
534. DATA Dt13)/-I.37246036190D-2/ t1MLL0520
535. DATA 01(4)/.623472634824300/ MMLLOS30
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536. DATA 01151/-14.484S169498403D0/ M~tLL0540
537. DATA Dl:6)/150.17S4718432278D0/ MMfLL0550
539. DATA DI 7 /-5 5.14033564.7940600/ IITLLOS60
539. DATA 01(81/54.534722222214700/ tt1LL0570
54 0. DATA 0149?.'-62.499999999999900/ hflLL0580
541.' C 111110590
542. C COEFFICIENTS FOR EVALUATION OF BEUP- 111110600
543. C SUB-ZEROMX FOR X GREATER THAN 0. MMtLL06I0
544. C AND LESS THAN OR EQUAL TO 10. 111LL0620
545. C 111110630
546. DATA D21 1)/i .52269B840-5/,0212 I/-I .63311008370-3/ M1(110640
547. DATA DZ(33/9.99i470649320-2/ tif1110650
548. DATA D214)/-3.29193S2108S7900/ 111110660
549. DATA D2(5)/52.f44,60S97S905D0/ 111110670
550. DATA DZ(61/-336.3930569023651DO/ 11111060
551. DATA DZ(71/678.1684027747539D0/ 1111L0690
552. DATA DZ(81/-260.416666666553300/ 111110700
553. DATA D'4 9)/4.999999999999300/ 11fLL0710
554. C 1111L0720
555. C COEFFICIENTS FOR EVALUTION OF KEIP- M11L10730
556. C SUB-ZERO(XI FOR X GREATER THAN 0. ?MLL0740
557. C AND LESS THAN DR EQUAL TO 10. 111110750
553. C M11110760
559. DATA D31t1/5.23294314D-S/ 111110770
560. DATA D3(2)/-5.'.188558408D-3/ 111110780
561. DATA D3(3)/.317741843468600/ tlti110790
562. DATA D3f41/-9.94i24032097Z500/ WILL10800
563. DATA D3 (5 1/147.5 1445359 13337D0/ WIL110810
564. DATA 03(6i/ -872.219403672455DD/ 111LL0820
56S. DATA D3(7)/1S4S.48451966S2035D0/ MMLL10830
566. DATA D3 (8 )/-477.4305555551 53600/ MILL110840
567. DATA 03(91/4.9999999999975D0/ MM1110850
568. C 111110860
569. C COEFFICIENTS FOR EVALUATION OF KERP- 111110870
570. C SUB-ZEROMX FOR X GREATER THAN OR 111110880
571. C EQUAL TO 0. AND LESS THAN OR EQUAL 1111110590
572. C TO 10. H11110900
573. C MLL0910
574. DATA 04t1 1/4.3682053D-6/.04(Z)/-S.752*0422830-4/ M11LL0920
575. DATA D413)/4.462638621450-2/ 11(1110930
576. DATA 04(4)/-1.9347669229237D0/ 111LL0940
577. DATA D4(51/42.424690313108000/ M11LL0950
578. DATA 04(W1-408.1554788292578DO/ M1LL0960
579. DATA D4( 7)/13S4.S93822337,2452D0/ 111110970
580. DATA 04(81/-i 130.2806712962694D0/ HlILL0930
581. DATA D41 9)/93.749999999990800/ MitLL0990
552. C MtLL10OO
533. C MIL111100
554. C COEFFICIENTS FOR EVALUTION OF HI1111020
555. C AUXILIARY FUNCTIONS FOR X GREATER MtILL1O30
586. C THAN 10. 111111040
557. C 111111050
538. DATA E311)/-5.630-8/,E3121/-t.671D-7/ MILL146O
589. DATA E313)/-I.470-8/.E3(4l/1.97800-6/ ttILL1@70
590. DATA E3(S)/i .442550-5/,E3(6)/7.250'40-S/ 111111080
591. DATA E317)/-b.VO-l0/,E318)/-2.651650400-1/ 11ILL1090
592. DATA E3191.000/ 19111 IS
593. DATA E4f1/-2.69D-8/PE4(2)/-8.83b-8/ PIILL1114
594. DATA E4(3l/-6.992^D-7/,E414)/-2.0042D-6/ 19LL1120
595. DATA M4SI/7,90-9/,E4(61/7.251790-5/ IIILL1130
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S96. DATA E4(7)/).)71871400-3/.E418)/2.6S)650340-c:/ MLL1140
597. DATA E419)/O.C00/ MMLLIISO
598. C huLLI 160
599. C MISCELLANEOUS CONSTANTS W)LL)170

600. C WILL)1180
601. DATA P102/1 .57079632679486%600/ MhLI90
602. DATA TWOPI/6.28318530717958600/ mt.161205
603. DATA PIOS/0.3926990816987241500/ tOLLUZI1B
604. DATA RTZ/0.707106761186547S2D0/ MtLL1220
605. DATA XINF/Z7FFFFFFFFFFFFFFF/ WILL1234
606. DATA PI/3.141592653S$9793200/ MW2I46
607. DATA EUL/4.5772I566490)5328600/ ?tILL1250
608. DATA ZHAX.')19.00/ H1111260
609. IER 0ttiLW270
610. CALL tIIKELOIXBERBEZXI(ER.XK(ElIER) tt)LI)280
611. Z DABSWX It1LL1290
W). IF (Z .GT. TEN) GO TO IS MMLL) 300
613. IF (Z .EQ. ZERO) GO TO 10 MtLL1310
614. C CALCULATION OF FUNCTIONS FOR ABSWX MMLL1320
615. C LESS THAN 10. WIL11330
616. Z Z/TEN )IiLLi34G
617. ZSQ ZWz M9ILL1 350
6)8. Z3 ZSQ*Z MtLL1 360
619. Z4 ZSQ*ZSQ ItILLI 370
620. 81 01(t) MILL1380
621. 82 x02(l) MIILL) 390
622. 83 03(l) ht)LLI'.0
823. B4 04(1) MILL1410
624. 00 S1 2,9 HMlLL14'20

626. 61 Bl*Z4lO2IJ MILL1I'40
627. 83 B3*Z44DZIII tiL LI44.0

6,^8. 84 84'Z44O4(t) WILL14'60
629. S CONTINUE MtLL1474
630. BERP 28I*Z3 MILL1480
63). 0EIP 2Z*82 MI)LLI490
632. IF I X .LT. ZEROD 6O TO 30 WILL) 500
633. RIP =Z"83 MtLLI5)0
634. R2P =Z3*04 tUILLIS20
635. CON =(OLOG(X*HALFI EUL) MDLL1530
636. V = DABSIX) MtLL1540
637. W(EIP = PI02*HALF0BERP*Ilr1-BEIP*COt4-8EI/vI tt)LL 50
638. XKERP 2PIO2WI4ALFOUBEIP-(RZP*BERP*CO44BER/VI )tILLIS60
639. GO To 9005 MILL) 570
640. C X EQUAL TO 0. DEFAULT TO PROPER ItILLISSO
64). C VALUES W)ILL1590
64Z. 10 BERP a ZERO M)LL1600
643. BEIP aZERO WI"LL) 610
644. XXEIP =ZERO MILL1620
645. XKERP =-XItlF MtLL1630
646. GO TO 9003 MMLLI640
647. C X GREAltEN .... CALCULATE MMLL16SO

648. C AUXILIARY FUC..-I MILL1660
649. IS IF (Z ST. ZIIAX) GO TO 2S WILL1670
650. ZI TtN/z MMLLI680
651, ZIfl -ZI f*ILL1690
652. U = E3(1) WILL1700
653. UM U MIfLL1710
6S4. V = E441)) WILL)720
655. vtl:V WILL) 730
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656. DO 20 1 = 2,9 IILLI740
657. U = U*ZI*E3(I) ILLI7SO
658. V : V*ZI4E4(I) NtILLI760
659. UM = UtMZIM+E3,I) 11LL1770
660. VM = VM*ZIM#E4(II ttLL 1780
661. 20 CONTINUE triL 790
662. ARG = Z4RT2 tltLL 1800
663. DS : DSIN(ARG-PIO8) tMLL1810
664. DC =DCOSIARG-PI08) MILL1820
665. OSM mDSIN(ARG#PIOS) MfILLI830
666. DC" = DCOS(ARG*PI08) MLL1840
667. DE z DEXP(ARG) IILL1850
668. DSQ = DSQRTITWOPI*Z) HlilLt1860
669. C CALCULATE THE DESIRED FUNCTION4S MLL1870
670. BERP : DE*(U*DCM-V*DSMI/0SQ MMLLI880
671. BEIP = DE*(V*DCtI*U*DSM)/DSQ MfILLI890
672. IF (X .LT. ZERO) GO TO 30 MMLLI900
673. XKEIP = -PIW(Vtl*DC-UT*DS)/(DE*DSQ) tMLLI910
674. XKERP = -PI*IUM*DC+VMwDS)/(DE*DSQ) MfILLI92o
675. GO TO 9005 IMLLt930
676. C Z TOO LARGE. htLLI940
677. 25 BERP = ZERO MNLLI950
678. BEIP z ZERO ItMLLI960
679. IER = 129 NuLL1970
680. IF (X .LT. ZERO) 60 TO 35 hLL1980
6851 XKEIP = ZERO MI1LL2 990
662. XKERP = ZERO MILL000
683. GO TO 9000 ItMLL2010
684. C X LESS THAN 0. DEFAULT TO PROPER IIILL2020
685. C VALUES MItLL2030
686. 30 IER 34 tlMLL2040
687. BERP = -BERP M1LL20SO
688. BEIP -BEIP htMLL2060
689. 35 XKERP = XINF tLL2070
690. XKEIP = XINF ht'LL2080
691. IF tIER .EQ. 0) GO TO 900S tILL2090
692. 9000 CONTINUE tlLL2100
693. CALL UERTST(IER6HfKELO) htLL2110
694. 9005 RETURN MtLL2t20
695. END MtLL2130
696. C SUBROUTINE UERTST IIERNAIE) UERT00 0
697. C UERTO020
696. C-UERTST ---------------- LIBRARY 1 --------------------------------------- UERTO030
699. C UERT0040
700. C FUNCTION - ERROR MESSAGE GENERATION UCRTO050
701. C USAGE - CALL'UERTST(IER,NAME) UERTO060
702. C PARAMETERS ZER - ERROR PARAMETER. TYPE + N WHERE UERT0070
703. C TYPE: 128 I)PLIES TERMINAL ERROR UERTO080
704. C 64 IMPLIES WARNING WITH FIX UERTOO90
705. C 32 IMPLIES WARNING UERT010O
706. C N z ERROR CODE RELEVANT TO CALLING ROUTINEUERTOIIO
707. C NAME - INPUT VECTOR CONTAINING THE NAME OF THE UERTOI20
708. C CALLING ROUTINE AS A SIX CHARACTER LITERAL UERT0130
709. C STRING. UERTOI4O
710. C LANGUAGE - FORTRAN UERTOISO
711. C ----------------------------------------------------------------------- UERT0160
712. C LATEST REVISION - JANUARY 18* 1974 UERT0176
713. C UERTO180
714. SUBROUTINE UERTST(IER,NAME) UERTOI90
715. C UERT0200
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716. DIMENSION ITYP(S,4),IBIT(4) UERTOZO
717. INTEGERV2 NAME(31 UERT0220
718. INTEGER WARN,WARFTERIPRINTR UERTO230
719. EQUIVALENCE (IBITII),WARtN),(IBIT12).WARF),IIBIT(3),TERN) UERT0240
720. DATA ITYP /'WARNt,'ING *,' ' ,. .0 UERTO250
721. W'ARN'.'ItG(','WITH'p' FIX'.*) . UERT0260
722. *TER"','INAL',' , 'UERT0270
723. ' NON-','DEFI','NED , */s UERTO280
724. * IBIT / 32,64,128,0/ UERT0290
725. DATA PRINTR / 6/ UERT0300
726. IER2=IER UERT0310
727. IF (IER2 .GE. WARN) GO TO S UERT0320
725. C HON-DEFINED UERT0330
729. IERI:4 UERT034O
730. GO TO 20 UERT0350
731. 5 IF (IER2 .LT. TERM) GO TO 10 UERT0360
732. C TERMINAL UERT0370
733. IERI:3 UERT0380
734. GO TO 20 UERT0390
735. 10 IF (IER2 .LT. WARF) GO TO 15 UERTO400
736. C WARNING(WITH FIX) UERTOI0
737. IERI:2 UERTO420
733. GO TO 20 UERTO430
739. C WARNING UERT0440
740. 15 IERI:I UERO4SO
741. C EXTRACT 'N' UERT0460
742. 20 IER2:IER2-IBITIIERi) UERT0470
743. C PRINT ERROR MESSAGE UERT04SO
744. WRITE (PRINTR,25) (ITYP(I,IERI),I,S),NAtlIE,IER2.IER UERTO7490
745. 25 FORMAT[' ** I M S L(UERTST) *%* ',5A4,4X,3A2.4X,12, UERTO500
746. (ER :.13)) UERT0510
747. RETURN UERT0520
743. END UERT0530

749. SUBROUTINE MMKELI (X,BERI,BEIIXKERI.XKEII.IER) MILI0360
750. C M 110370
751. DOUBLE PRECISION BERI,BEII.BERP,BEIP,RTZXXINF XKEIPXKEII, MML0350
752. 0 XKERP,XKERI,ZERO,ZMAX ML10390
753. DATA XINF/Z7FFFFFFFFFFFFFFF/,ZERO/0.D0/ t10400
754. DATA RT2/0.7071067811865475CDO/ MMLIO4IO
/55. DATA ZMAX/119.DO/ tM1310420
756. IER = 0 Mlii0430
757. IF IX .EQ. ZERO) GO TO 15 MMIL.10440
75S. IF (DABS(X) .GT. ZMAX) GO TO 10 MML10450
759. CALL M?:?KELDX,BERP,BEIP,XKERP,XKEIP,IER) MMLl0460
760. BEII: (BERPOBEIP) *RT2 tLI0470
761. BERI = (BERP - BEIP) * RT2 MIL 10480
762. IF (X .LT. ZERO) GO TO S MMLI0490
763. XKEII = (XKERP 4 XKEIP) * RT2 tILI0500
764. XKERI = (XKERP - XKEIP) * RT2 M1L10510
765. GO TO 9005 f2IL10520
766. C ARGUMENT IS NEGATIVE 1tiuLI0530
767. 5 XKERI = XINF MtLI0540
768. XKEII = XINF IMLI 0550
769. IER = 34 MM110560
770. GO TO 9000 MMLi10570
771. 10 BEII = ZERO MiL10580
772. SERI = ZERO tMLI0590
773. XKERI = ZERO t1LI 0600
774. XKEII = ZERO hM1I0610
775. IER 129 MML10620
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776. IF (X .ST. ZERO) GO TO 9000 1lrL10630
777. XKERI = XINF MRILl0640
778. XKEII z XIHF IlL10650
779. 60 TO 9000 IMLI0660
780. C ARGUMENT IS 0.0 MlL10670
781. IS BEII z ZERO MtL10680
782. BERI : ZERO MllL10690
783. XKERI U -X NF MILI 0700
784. XKEII = -XINF IL10710
785. GO TO 9005 IMILI0720
786. 9000 COI4TINUE M11L10730
787. CALL UERTST(IER.6HI(IELI) MtL10740
788. 9005 RETURN ItIL10750
789. END IIHL10760
790. //GO.SYSIN DO
79. Relative Damage During Captive Flight
792. 1000 1.0 10 2.0
793. 30000000. 800. 0.499 0.30 1.1 0.9 2.44 S.4E-S
793.1 6.OE-6 0.06
793.2 160.0 8.0
793.21 11
793.22 -60 S.S9
793.23 -40 4.46
793.24 -20 3.47
793.25 0 2.59
793.26 20 1.81
793.27 40 1.18
793.28 60 0.48
793.29 80 -0.08
793.3 100 -0.59
793.31 120 -1.16
793.32 140 -1.48
794. 30 20.0
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1. /1JOB 1A95$X5.516,0.25.10),'GEORGE DERSALIAN'
3. //EXEC FORTCLG
4. //FORT.SYSIN DO
6. CSWATFIV
6.1 C
6.2 C MARKOV
6.3 C GEORGE DERSALIAN
6.4 C APRIL 1981
6.5 C THIS PROGRAM DETERMIINES THE CUMUJLATIVE DAMAGE IN ROCKET MOTORS
6.6 C BY RANDOMLY ALLOWING THE ROCKETS TO MOVE FRO" ONE LOCATION TO ANOTHER
6.7 C
7. DOUBLE-ORECISION RLOCEICOD
8. REAL*4 04991,TrfgO),P( 100.I00),PERIOO( I00).AP( I00.100).ROCOAY(I0OJ
9. READ( IC) ROCOAY
to. READIIC) RLOC,PPERID,NIRL
10.1 DO 33 I=I.NIRL
10.2 WRITE(6,616)1I
10.3 33 W.RITE(6,615) IJ.P(I.J).J=I;NIRL)
10.4. 615 FORHATI10(13,F9.6,IXI)
10.5 616 FORMATI/1XORO NIBERA',13)
10.6 WRITE(6,622)
10.7 622 FORM'ATIHI.RPELATIVE PERID IN EACH LOCATION')
10.8 WRITE(6.623) (I.PERIOOII).I:1 .HIRLI
10.9 623 FOPMAT4(IX,15,3XE12.5S)
11. DO 18 I=1.NIRL
12. IS PERIOO(I)=PERIODIIIN24,O
13. C RLOC ROCKET LOCATION CODE
14. C P PROBABILITY MATRIX
15. C PERIOD TIME SPENT IN EACH LOCATION
16. C NI91I Nt'MILER OF ROCKET LOCATIONS INCLUIDING CAPTIVE FLIGHT

1 7. REA(5,S021 NRMAXTIM
,a. 502 FoRtlATI2IIOI)
19. READ(5,501) ED(II,T(II,I:1,NIRL)
20. 501 FORMATI2EIO.4)
20.1 WRITfl6,621) NR,MAXTIM
^0.2 621 FORIIATIIHI.LOCATIO',5X,'DAMAGE',4X,'PERIOD',20X,
20.3 I 'NO ROCKETS:',IS,SX,M&1XTIIIE:',15I
20.4 W*RITE(6.6201 (1.D(Il,T4I),I:I ,NIRLI
10.5 620 FORMAT(IX*ISSXoEI0.4,ZX,EIO.4)
21. C
22. DO It I=I.HIRL
13. AP(I,I :P(I, I

Z4.D 0 J=Z.NIRL
25. 10 AP(I,JI:AP(ItJ-l)*P(I*Jl
26. It CONLTINUlE
26.05 CC DO 20 I=INIRL
26.1 CC 20 WRITE(6P6061 (APIIPJIJ-1,NIRL)
^6.2 CC606 FO~tNATlIX0lC 10.6)
27. NRL=NIRL-1
,8. DO 12 I1.N,1RL
^9. IF (P(I,NIRLI.EQ.1.0) GO TO 12
30. DO 13 J=INRL
31. 13 PIJ):P(I,J)/(I.0-P(I,NIRL))
32. 12 COtITIM
33. DO 14. I=1,NRL
34. DO 14 J=Z,NRL

36. C
37. C:0O.
38. DO I5 I=1,NIRL
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39. IS C=ROCDAYII)+C
40. D0 16 1=1hNIRL
4.1. 16 ROCOAYEII:ROCDAY(I/C
4 1.01 WRITE(6.602) C
41.02 602 FORI1AT(lI1I.T0TAL ROCKET TIMlE .vE12.5./IHIIXp.COF OF INITIAL
'41.03 VLOCATION')
4.1.1 00 19 I=2.NXRL
4.2. 19 ROCOAY(I)=ROCDAYE I-I IROCDAY(II
4.3. ISEED=13S79,"867
4.3.1 WRITE(6,624) (I,ROC0AY(II,I:1I,NrRL)
4.3.2 624 FO~flAT(lX9I5,lX,Fl0.6)
4.4. 00 1I 3=:,NRl
45. COMIPUTE RANDOM~LY INITIAL LOCATION
4.6. S 1=0
4.7. CALL RANOK(ISEE0.X90I
4.8. 17 1=141
4.9. IF (I.GT.NIRL) STOP
50. IF (X.GT.ROCDAY(III.GO TO 17
50.1 IF (I.EQ.NIRL) GO TO 5
51. 10:1
52. C.....................................
52.1 NLOC=0
52.2 HCAP=0
53. TIIIE=0.0
54. Dt.Or0
55. 1:10
56. 2 CALL RAtWOMt(AP.NIRL,LvISEED)
56.1 IF (L.EQ.0) GO TO 6
57. IF (L.NE.NrRL) GO TO 3
57.1 TlthE:TlIE *PER IOD (L)
57.2 OttG=:OrG#*( L I*PERXOO ( L I/TI L)
57.3 WRITEW8 OMG,TIM-EsLvIff
57.35 LL
57.37 NCAP=NCAP4I
57.4 IF (TItIE.GT.IiAXTIIII 6O TO 4
57.5 GO TO 2
58. 6 DMIG=0MG4(OI 0/TI LOIWIMAXTIlM-TINE)
58.1 GO TO 4
59. 3 TItIE=TIME#PERIOOE 101
59.1 HLOC=14L0C4 1
60. 0!:0rIDG40ILOIWPERIOD(OE.0/TI 10)
61. WRITEW BI OG,TltIEPLOoIR
62. 10:1
63. IF (TIIIE.LT.MAXTIMI GO TO 2
64. 4 1RITE16i601) IR,OtlG,TIrlEPHLOC.NCAP
65. 601 FORMATIX.1IR2,I5X,0MG:E2.5,SX.'TIME:'FO.0,2X,'NLOC:',16
65.1 S2X.'NCAP=',161
66. 1 CONTINUE
67. STOP
68. END
69. C
70. C
71. C
72. SUBROUTINE RANOOMAP,NLgISEEOI
73. REALS'. APIIOO,I00I,X,XP
74. 0
7S. CALL RANOKIISEEO.X,0I
76. 3 1=1#1
76.1 cc WRITE16960I1 I#X
76.2 CC601 FORtATIIXI:z,IS,1X,'X=',FIO.61
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77. IF(I.GT.N) GO TO 4
78. XP=AP(L,I)
79. IF(X.GT.XP) GO TO 3
80. LzI
81. RETURN
81.1 4 WRITE(6,601) L
81.2 601 FORMAT(/IX,I5,2X,'*ILL DEFINED CDF*')

81.3 L:o
81.4 RETURN
82. END
83. C
84. C WW* W W W NNNW NW NNw *
85. C
86. SUBROUTINE RANOK IIYP YFL, INDEX)
87. C
85. C THIS IS A UNIFORM RANDOM NUMBER GENERATOR WRITTEN BY G. E.
89. C FORSYTHE IN SPRING 1969, FOLLOWING D. KNUTH, THE ART OF COMPUTER

90. C PROGRAMMING, VOL. 2s PP. 155-156. IT IS MUCH SUPERIOR TO RANOU,
91. C THE RANDOM NUMBER GENERATOR FOUND IN IBM'S SCIENTIFIC SUBROUTINE
92. C PACKAGE.
93. C
94. C BEFORE THE FIRST CALL OF RANOK, IY SHOULD BE SET OUTSIDE RANOK
95. C TO AN ARBITRARY INTEGER VALUE. (IN WATFOR THIS IS ESSENTIAL.)
96. C FOR PROGRAM CHECKOUT, THE INITIAL VALUE OF IY SHOULD BE A FIXED
97. C INTEGER. FOR RANDOM NUMBERS DIFFERENT ON EVERY RUN (AND HENCE
98. C NOT REPRODUCIBLE), DECLARE INTEGER CLOCKI AND THEN INITIALIZE
99. C IY TO CLOCKt(4).

100. C
101. C IF RANDK IS CALLED WITH AN INTEGER INDEX 1 1, THEN THE OUTPUT
102. C VALUE OF IY IS A PSEUDORANDOM INTEGER UNIFORMLY DISTRIBUTED IN THE

103. C RANGE 0 <: IT < 2*31.
104. C
105. C IF RANDK IS CALLED WITH INDEX 0 0, THEN NOT ONLY IS IY PRODUCED,
106. C BUT ALSO (AT SOME EXTRA COST IN TIME) A FLOATING NUMBER YFL, UNI-
107. C FCRMLY DISTRIBUTED 11 THE INTERVAL 0.0 <= YFL < 1.0.
108. C
109. IY = IY*3141S9269 + 453806245
110. 4 IF (IY .GE. 01 GO TO 6
Ill. C
112. C CAUTION: THE STATEMENT LABEL 4 IS ESSENTIAL IN ORDER TO PREVENT
113. C CERTAIN COtIPILERS (E.G., FORTRAN H WITH OPT 0) FRCM PERFORMING
114. C UNWANTED "OPTIMIZATIONS." IT SHOULD NOT BE REMOVED.
115. C
116. 5 IY IY 4 2147483647 + I
117. C STATEMENT 5 ADDS 2*u31 TO NEGATIVE VALUES OF IY
118. C
119. 6 IF (INDEX) 7, 7, 8
120. C
121. 7 YFL = IT
122. YFL = YFL*.4656613E-9
123. C
124. 8 RETURN
125. END
126. //GO.FTOOFO01 D DSN:WYL.XS.A95.MONTE.CARLO.DAMAGEUNIT:DISKw
1Z6.2 // DISP ICATLG),DCB=(RECFM=VBSBLKSIZE=3200),SPACE:(TRK,(IOS),RLSE)
lZ6.4 //GO.FTIOFO01 D DSIA:WYL.XS.49S.PROB,DISP:SHR
126.6 //GO.SYSIN DO *

127. 1000 87600
201. 0.210E-06 87600.
202. 0. 87600.
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203. 0. 87600.
204. 0.407E- 9 87600. 263. 0.573E-16 87600.
205. 0.573E-16 87600. 264. 0.573E-16 87600.
206. 0.0 87600. C65. 0.0 87600.
207. 0.573E-16 87600. Z66. 0. 87600.
208. 0.$73E-16 87600. 267. 0. 87600.
209. 0.573E-16 87600. 268. 0. 87600.
210. 0.573E-16 87600. 269. 0.1314 87600.
21,1. 0.573E-16 87600.
212. 0. 87600.
213. 0.298E- 7 87600.
214. 0.440E- 9 87600.
215. 0.459E- 9 87600.
216. 0.479E- 9 87600.
217. 0.305E- 7 87600.
218. 0.573E-16 87600.
219. 0.0 87600.
220. 0.573E-16 87600.
221. 0.573E-16 87600.
222. 0.573E-16 87600.
223. 0.337E- 6 87600.
224. 0.573E-16 87600.
225. 0.573E-16 87600.
226. 0.185E- 4 87600.
227. 0.662E- 9 87600.
228. 0.573E-16 87600.
229. 0.573E-16 87600.
230. 0.573E-16 87600.
231. 0.573E-16 87600.
232. 0.0 87600.

233. 0.161E-16 87600.
234. 0.547E-16 87600.
235. 0.573E-16 87600.
236. 0.573E-16 87600.
237. 0.268E- 9 87600.
238. 0.180E- 7 87600.
239. 0.$73E-16 87600.
240. 0.383E- 8 87600.
241. 0.573t-16 87600.
242. 0.290E- 6 87600.
243. 0. 87600.
244. 0.573E-16 87600.
245. 0.573E-16 87600.
246. 0.0 87600.
247. 0.573E-16 87600.
248. 0. 87600.
249. 0.573E-16 87600.
250. 0.176E- 6 87600.
251. 0. 87600.
252. 0.534E- 9 87600.
^53. 0. 87600.
254. 0. 87600.
255. 0.217E- 7 87600.
256. 0.573E-16 87600.
257. 0.0 87600.
28. 0.573E-16 87600.
259. O.IlE- 6 87600.
260. 0.573E-16 87600.
261. 0.S732-16 87600.
262. 0. 87600.
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I. //CDFLMOD JOB
2. // EXEC FORTCL
3. //FORT.SYSIN DO
4. C
4 .1 C WEATHER
5. C PROGRAM TO READ TEMPERATURE DATA FROM A TDF-14 SURFACE OBSERVATIONS
6. C TAPE, AND SAVE A C.D.F. OF DAILY AND ANNUAL TEMPERATURE AMPLITUDES
7. C
8. C PAUL R. JOHNSTON AND GEORGE DERBALIAN
9. C 09-20-1980

10. C

11. IMPLICIT INTEGERW4 [A-Z)
12. REAL*4 RAMP,RCOF
13. COMM1ON ITEMP(24 ICDFDAYE200),CDFYR(200),DAY(31 ),CTEMP(24 ,
14. 2MDONTH 12 ),YEAR,LDAYLMiONTH,NDAY,NMONTH,NYEAR,NSNNTDN
15. C
16. C INITIALIZE VARIABLES
17. C
18. LDAY=0
19. DO 1 1=1,200
20. CDFDAY(I):0
1. 1COFYR(I)=O

22. 00 2 1:1,12
23. 2 tIONTH(I)=999
24. YEAR:0
25. C
26. C READ AND PRINT LOCATION AND START DATE
2,7. C
28. READ(I ,IOIINTON,NSN,NYEAR,NMONTHNDAY
29. REWID 11
30. |WRITE(8,801)NTDN,NSN,NYEAR,N *NTHNDAY
31. C
32. C READ TEMPERATURES FROM TAPE, ONE DAY AT A TIME
33. C
34. 100 PEAD(II1,102,END:99)NTON,NSN,NYEAR,NIONTHNDAY,(ITEMP(I)
35. 2CTEMIP(1),I=1,6)
36. READ(I I,1103,ENO:99)(ITEMP(I),CTEMP(II:=7,121
37. REPD(II ,103,END:99)(ITEMP(I),CTEMP(11,I:13,18)
35. REC.D(II ,l103,EHD91(ITEt1P(I),CTEMP(l1,1=19,24)
39. C
40. C COMPUTE MONTHLY AVARAGE IF IT IS THE END OF A MONTH
41. C
42. IF (NDAY.EQ.1) CALL EMONTH
43. C
44. C DECODE TEMPERATURES
45. C
46. 00 3 1:1,24
47. 3 CALL SIGNCK(ITEMPIICTEMP(Il)
48. C
49. C CALCULATE THE DAILY AMPLITUDE AND AVERAGE
50. C
SI. TSUM:0
52. TMIN=t 000
53. TMAX=-000
54. N:O
55. 00 4 1:1,24
56. T:ITEMP(I)
57. IF (T.EQ.999) GO TO 4
58. TSUM=TSU+T
59. IF (T.GT.TMAX) TMAX:T
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60. IF (T.LT.TMIN) TMIN=T
61. N=N4I
62. 4. CONTINUE
63. IF (N.EQ.0) GO TO S
64. D AY(NDAY 1:1.*TSU11/N*0.5
65. AMP:T~iAx-TMIN~ 1
66. IF (A?1P.GT.200) GO TO 6
67. CDFOAY( AMP)=CDFDAY(AMP)41
68. GO TO 6
69. 5 OAY(NDAY)=999
70. 6 CONTINlUE
71. LOAY:NOAY
72. Lt:CNTH:NI1ONTH
73. GO To 100
74. 99 CALL EM0ONIH
75. C
76. C PRINT FINAL DATE
77. C
78. WRITE(8,802 )NYEAR,NMONTH,NDAY
79. C
80. C CALCULATE NORMALIZATION CONSTANTS
81. C
82. NA=O
83. ND:0
84. DO 7 lzt.200
85. NA=NA4COFYRII)
86. NO:NO

4
CDFDAY(l)

87. 7 CONTINUE
88. IF " NO ,EQ.0).OR.(NA.EQ.0)) GO TO 98
89. YEAR=I..YEAR/NA+0.S
90. WRIIE(8,803)YEAR
91. C
92. C PRINT ANNUAL AMPLITUDE C.D.F.
93. C
94 . WRITE(8.804)
95. RA1P-0.5
96. RCOP:0.0
97. DO 8 1=1.200
98. RAIIP=PAMP+O.5
99. RCOP:RCOF*I .*CDFYR(I I/NA

100. WRITE( 8,805 )RAfIP,RCDf
101. 8 CONTINUE
102. C
103. C PRINT DAILY AMPLITUDE C.D.F.
104. C
105. WRITE(8,806)
106. RAMP=-0.5
107. RCOF=0.0
l08. DO 9 1=1,200
109. RA11P=RAMP 4 O.5
ilO. RCDF=PCDF4I .*CDFDAY(I1/ND
Ill. WRITE(8,807)RAMP.PCDF
112. 9 CCNTINUE
113. STOP
114... C
115. C INSUFFICIENT DATA ON THE TAPE
116. C
117. 98 WRITE(8,8081
118. STOP
119. 801 FORIIATIIS,* TAPE DECK NUtBER,*/.IS,* STATION NUt1SERo/,IS*
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120. 2 FIRST YEAR',/,15,' FIRST MONTH*,/,I5,' FIRST DAY*)
121. 802 FORMAT(IS.* LAST YEAR',/,I5,' LAST nONTH'./,IS.' LAST DAY')
122. 803 FORMAT(I5,' AVERAGE TEMPERATURE-)
123. 804 FORMAT( 'ANNUAL TEMPERATURE AMPLITUDE C.O.F.')
124. 805 FORrIAT(FIO.2,FIO.6)
125. 806 FORMAT('DAILY TEMPERATURE AMPLITUDE C.D.F.')
126. 807 FORIAT(FIO.Z.F1O.61
127. 808 FORtIAT( INSUFFICIENT DATA IN ANY YEAR TO COMPUTE AVERAGE )
128. 1101 FORtlkT(I4,IS,312)
129. 1102 FORflAT(I4,IS,312,6(1SXI2,AI,62X))
130. 1103 FORMAT1SX,611SX,I2,Al,62X))
1 31. END
132. SUBROUTINE SIGNCK(IFLD,ISGN)
133. C
134. C SUBROUTINE TO DECODE TEMPERATURES
135. C
136. IMPLICIT INTEGER44 (A-Z)
137. DIMENSION NlM(101.IP(I01,MIN(I0)
133. DATA IP/'A','B','C ,'D','E','F*,'G','H',1I' ZCO/
139. DATA MIN/J ,K ,M ,N,0,PQR ,ZO/
140. DATA NUti/i,2,3,4.,5,,7,8,9,0/,IAST/,i./
141. IF (ISGN.EQ.IAST) GO TO 16
142. 00 I4 K=I,I0
143. IF (ISGN.EQ.MIN(K)) GO TO 22
144. IF (ISGN.EQ.IP(Ki) GO TO 20
145. 14 CONTINUE
146. 16 IFLD=999
147. RETURN
148. 20 IFLD=IFLD*I ONUM(K1
149. RETURN
150. 22 IFLD:-(IFLO*I0+NUM(KI1
151. RETURN
152. END
153. SUBROUTINE EMONTH
154. C
155. C SUBROUTINE TO PROCESS TEMPERATURE DATA AT THE END OF A MONTH
156. C
157. IMPLICIT INTEGER*4 IA-ZI
153. CO1MO)N ITEMlP(2"),CDFDAY(200),CDFYR(200,DAY(31 1,CTEtIP(24),
159. 2MONTH( 12 I,YEAR, LDAY, LMONTH, NDAY, NMONTH NYEAR,NSN, NTON
1o0. IF (LDAY.EQ.0) RETURN
161. C
162. C CALCULATE THE AVERAGE MONTHLY TEMPERATURE
163. C

i64 . TSUMt0
165. N:O
166. 00 I I=I,LDAY
167. T:DAY(Il
168. IF (T.EQ.999) GO TO I
169. TSUt:TSUM+T
170. N=11 1
171. I CONTINUE
172. IF (N.GT.0) MONTH(LtOHTH I:l.TSUt/N+O.S
173. IF (N.EQ.0) MONTH(LMONTHI1999
174. IF (LMtONTH.LT.121 RETURN
175. C
176. C CALCULATE THE ANNUAL AMPLITUDE AND AVERAGE
177. C
170. TSUM=0
179. TIIIN= 1000
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180. TIIAX=-1000
,a,. N=O
182. DO 2 1=1.12
183. T:MONTNEII
184. IF (T. Eq. 999) G0 TO 2
185. TSUtI:TSUt1+T

1 86. IF IT.GT.TMAX) ThIAX=T
t87. IF (T.LT.TMIN) TmIH=T
188 . N:N+1
189. 2 CONTINUE
190. IF (N .EQ.OI GO TO 3
191. YEAR=YEAR41 .*TSUtI/N*O.5
1 92. AMiP=TrAX-THlIN+I

193. IF (AtIP.GT.200) GO TO 3I
194. COFYR(AtIP):COFYRIA1PIl
195. 300O4 1=1,12
M9. 4 HlO'TH(II:999
197. RETURN
193. E140
199. //LKED.SYSLIOD 00 Ut4IT=OISKPVOL=SER=PU8003,DISP=(NEW,KEEP).

100. //DSN=WIL.X5.A95.CHINA(CDFGEN),SPACE(TIK,(3,1, I,RLSEI
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1. /1JOB (A95SX5,516,0.25,10),'GEORGE DERBALIAN',REGION=512K
2. /*SETUP T~l INPUT=AU0523
3. // EXEC FORTCLG
4. //FORT.SYSIN 0O0
4.1 C
4. 2 C LOGISTIC
4.3 C GEORGE DERBALIAN
4.4 C AFRIL 1981
4.5 C THIS P;CGRA1 DETERMINES THE PROBABILITY TRANSITION (MARKOV) MATRIX
4..6 C FOR ANY ROCKET SYSTEM USING THE FLTAC ROCKET MOTOR HISORY TAPE AS INPUT
4.7 C
S. INTEGER YEAR,MONTHDAYoY.11,D
6. DOUBLE PRECISION IiRLIIOO),LOC,RLOCEI0OI,RCTRCTO.LOCO.CFSR.5RO
7. DIMENSION INDEX(1001.P(100.100).TIME(l00)
a. DATA CF/'CF '/,EXP/EXP'/
9. NRL=O

10. tO REAOIIl501~,END=99) LOC
11. REAO(15,502,ENO:99)
12. READ(I,502,END=991
13. REAOII5S02.END=99)
14. 501 FCRIIAT(23X,AS)
15. 502 FORMAT( IX)
16. IF (NRL.EQ.0) GO TO I
17. DO 2 J=I,NRL
18. IF (LOC.EQ.RLOC(JI) GO TO 10
19. 2 CONTINUE
20. INRL~t.RL4I

21.IF (NRL.GE.100) WRITE(6.610) NRL
22. 610 FCRt&T(/lX.'NUMBER OF ROCKET LOCATIONS EXCEEDING ARRAY SIZE',14)
23. RLOC(NRL)=LOC
24. WRITE(6,601 I NRL.RLOC(NRL)
45. GO TO 10
26. 601 FOPM1TII.lX,A5)
27. 99 DO 3 1=1,100
28. TIllE(IIP:.0
^9. DO 4 J=1,100
30. 4 P(J,I)=0.0
31. 3 CONTINUE
32. C
32.01 WRITE(6,607)

311.02 607 F1AIROKE LCAIO CDE'
3Z.01 60 e FCtlT(RC OAINCDS
32.15 0 IMD!EX(I)=I
321.2 K:0
32.215 9 REAO(S.500,ENO:881 IINDEXII)
3Z.3 K=K~t
32.35 GO TO 9
32.4 500 FC'~I1kT(213)
32.45 88 NIRL=NRL-K
32.5 C
32.55 K=O
32.6 DO 11 I=I.NRL
32.6S J=IN.IEX(l)
32.7 IF IJ.EQ.1) GO TO 12
32.75 IPIDEXIIIINDEX(J)
32.8 GO TO 11
32.85 12 K=K#l
32.86 IIDEX(I)=K
32.87 IJRITE(6,601) KoRLOCEI)
32.68 IIRLIKI:RLOC(l)
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32.9 11 CONTINUE
32.9s C
33. X"1ISS=0.
34. REWIND 15
35. R EAOIt 'S03.E10=98) SR,YEARlOtT.DAY,LOCRCT,OPC
36. 503 FORIAT!,X AX32.lXA5.A8.IXA3)
37. READEIS,54,EN098) CFH
38. 504 FORMAT(35X,FIO.0)
39. READI IS,502.END=98)
40. READ(IS.502,END=98)
41. 21 SRO=SR
42. Y=YEAR
43. M=MNTH
44. DzDAY
45. LOCO=LOC
46. RCTO=RCT
47. CFHO=CFH
48. T=(79-Y)036S+(&-M1M30
49. REAO( lS,503,EtJ0=98) SRYEARthONTMDAYsLOCRCTpOPC
SO. READ(lS,504,END=98) CFH
51. READ(l5,502.ENO:981
5Z. READ(IS.502,END=98)
53. IF 45R.NE.SRO) GO TO 24
54. T=( YEAR-Y)*365#1MONTN-flM30*EDAY-D)
55. 240 DO ZZ XI,NRL
56. CALL #APRLOC.RLOC(I)PINOEXPJoNRL)
57. IF (RLOC(I).EQ.LOCO) GO TO 23
58. 2 2 CONT~t.flJE
39. 23 IF fOFCJfJE.EXP) TIIIElJJ:TIJIElJ)4T
60. IF IFCT.NE.CF) G0 TO 27
61. P(J;NIRL4I)=P(J*NIRL*t)*I.
62. I F ICFH.LE.0.0I XI1ISS=XI1ISS*1.
63. TItIE(IIIPL*I I:TlitE(NIRL+l )*CFH/24.O
64. T~t:EIJ)=TItIEEJ)-CFH/Z4.
65. 27 IF lSq.NE.SRO) GO TO 21
66. D0 25 I=1,NRL
67. CALL IAPRLOCRLOCIl,INOEX,K,NRL)
68. IF IRLOCIII.EQ.LOC) GO TO 26
69. 25 C0~4TINUE
70. 26 IF IJ.NE.K) PfJ.K)!P(JoK31l.
71. GO TO 21
72. 98 IF (OPC.NE.EXP) TIME(K)rnTIMEIK)*T
73. ):NT=0
74. 00 34 I=I,NIRL
75. 34 XNT=XNTPI,t4IQL~tI
76. TIrI.E(NIRL+I )=TIME(NIRL*I )*XNT/IXNT-XIISS)
77. NIRL=NI9L*I
77.1 WRITE(1O) TIME
78. WRITE(6.602)
79. 602 FCR~fA7( * NU?1DER OF DAYS SPENT IN EACH LOCATION*)

al. 603 FORIIAT(5,lX.E12.4)
81.1 TINiEI IXRL) =TIME INIRL)/XNT
81 .2 Nllil4IRL-1
82. DO 30 I:I,HH
83s. XK=0.
84. 00 31 J:1,NMl
85. 31 XK=XIK4P(I.J)
85.1 XKP=XK*PI I,NIRL)
66. IF (XK.t1E.0. ) GO TO 36
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86.1 WRITE(69611) I
86.2 611 FORZATIXONABSORBINS STATE**,151
P-6.3 P r.)=I.0

E6.4GO TO 30
-7. 36 TIMIE( I)cTI#IE( I /XK
88. DO 32 L=I.NIRL
89. 32 P(11L)=P(IL)/XKP
90: 30 CONTINUE
91. WR TE(6.608)

611 08 FOqIhAT(I6RELATIVE TIME SPENT IN EACH LOCATION*)
C2. WRITE(6.63) (I9TIIME( PIINIRL)

Q3. WRITEI6:604E
9.4. 604 F0lW'J(ITHE PROBABILITY MATRIX-)
45. DO 33 !:l,NIRL
;6. b.ITE(6,6D61 1
'47. 33 W71TE(6,605) (JPEI,Jl.J=I,NIRL)

c. 605 FC.t HT(I0(I3,F9.6.IX)I
99. 606 FOR;AT/IX,'ROW NIABER=1,131
09.1 WRITE(ISI #RLoPsTIME.NIRL

100. STOP
101. END
101.1 C
101.15 C W W N W ** W W U W

101.2 C
101.25 SUBROUTINE IAP(RLOC.LOC,INDEXN,NRL)
10t.3 DOUBLE PRECISION RLOC(t00oJLOC
101.35 INTEGER INDEXIIOOI
101.4 D0 1 I=I,HRL
101.45 J=I
1 01 1 I IF (RLOC(l).EQ.LOC) 60 TO t

I 01.55 2 N=11WDEX(J)
101.6 RETL'MN
101.,65 EN'D
102. //GO.FTI5F0OI DO VOL=SER=AU0523,LADEL=(t ... IN)I.T=T6250OISPzSNA,
103. // DCB=(RECFfl:FB.BLKSIZE:I15600,LRECL:78l,0SN=l4YL.XS.A95.SIOE.NER
103.1 //GO.FTIOF0OI DO DStJ=WY L. X5. A95. PROB.O SP= (NEW. CATLG) UHIT=DISK.
103.2 // DCB=(RECFfl=VBSBLKSIZE=l000),SPACEz(TRK.(3,1),RLSE1
04. //GO.SYSIN DO

104.1 6 1
104.15 27 2
104.2 56 8
104.25 86 9
104.3 85 11
104.35 13 It
104.4 33 15
104.45 16 is
04.5 77 19
04.55 60 Z^6
104.6 81 26
104.6S 31 30
104.7 55 30
104.75 64 30
104.8 70 30
104.85 67 36
104.9 80 68
104.9s 76 74

IDS.
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M.ATF IV

C AIRCARRY
C
ILOGICALNI MOO)

REALUS CO04~50),SUM
3INTEGER HNt1l2,2S),nAVB(I2,2S)oD,Y#C(6)

4 1:,
S READE 5,500) IRSTRT
6 500 FOA1IAT411)

C
7 00 10 3:1,50
a 10 coro(JI:0.000
9 D0 11 J91.25

ID D0 11 K21*12

11 P40MI K,J)=0
12 11 ,IAVG(KPJI3:0

1 3 1 READ(IP501,ENOZ99) I.OPYPIN,MAXoC
14 50, FCRrIATIX,312,27X.I3.3XI3.6X.6A3,I2X)
Is WRITE(6.60l I I.fl,O,YpIIlt4.3AX.C
16 601 FORIATIX.IS,2X.313,SXIX,13,I3S~e6A3I

C 1960 IS THE FIRST YEAR CONSIDERED
17 y=Y-59
18 IF (Y.Lf.0 OR. Y.GT.25) GO TO 1
19 IF (IIAX.LT.?IINI GO TO I
^0 ID=IMAX-MINI/2
21 CDFO(IO*I J:CoFO( 1041 41.000

22IAVG:IIIAX#PII)/2
23 NOH(M. YI zlunt,ryI#
24 flAVGII1Y)I~iiVG(f,YI*IAVS&
25 1:141l
26 60 T01
27 99 SUII:0.000
28 DO 2 1=1.50
29 2 SUtI:SUII*CDFOIZ)
30 DO 3 1,350
31 3 COFOII):-CDFO(I)/SNI
32 00 4 1:2.50
33 4 CDF0EI):-C0FD(1-1)#CDFD(I)
34 DO 7 IzI,50
35 =-
36 7 WRITEf6p602) J,CODI)
37 602 FOLt1AT(XSEIS.7)
38 00 6 J:I,25
39 DO S 121012
40 IF lIf1IMI.J).EQ.0) GO TO 5
41 3AVGfIIJ):VIAVGEZ.JI/JDfI,J)
42 5 CONTIMJE
43 6 COtITIMEU
44 WRITE16,603) (IIAVGI,J)I,lt)2,Jzl.2S)
45 603 FORtiAT(IX.2110)
46 STOP
47EN
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*VERSION 1.3.0 (01 MIAY 80)
REQUESTED OPTIONIS:
OPTICNS IN EFFECT: SYSTEMl/170 FORTRAN H EXTENDED (ENHANCED) DATE 81.155/17.20.02

NAIIE(tIAIH) OPTIMIZE( 31 LINECOU4T(60) SIZE(tIAX) AUTODBL(NONE I
SOURCE ESCOIC NOLIST NODECK COJECT MIAP IOFORMAT GOSTIIT NOXREF ALC NOA14SF TERM IB*1 FLAG(lI

C SUI2ROUTINE VSCRTI (ALA) VsmotloI
c VSorOO2o
C-VSORT ------- LIBRARY I----------------------------------------- jCi10030
C-VSORTA VSoo~o
C VSOrIOO50
C FUN~CTION VSORTI - SORT ARRAYS BY ABSOLUTE VALUE VS0110060
C VSORTA - SC;T ARPA)S BY ALGEBRAIC VALUE VS01,1OOO
C USACE - CALL VSORTI (A.LAI VSO.1I0080
C - CALL VSORTA (A.LA) VSOlIooqO
C PARAMETERS A - ON INPUT, CONTAINS THE ARRAY TO BE SORTED V5011oI co
C, ON cUTrUT. A CnrJAItJS 711E SCITED APRAY V501CI 10I
C LA - I14FUT VARIABLE CC'JTAltI!,J3 THE t:U[:V-ER OF VSOlll
C ELEMENTS IN THE AFRAY TO BE 5C9TED VsOMI 130
C PRECISICN - SIN5--LE, OLU3LE vsroII-oI
C LAN51JAGE - FCRTFI'N VSOMOI 50
C------------------------------------------------------------------------- 5tIO160
C LATEST REVISION -DECEMBER 9, 1975 VSOM017O
C VSCna It

ISN 000: SUSROUTINE VSCRTI (A.LA) VS0,ioiqo
C VSOIIOZ00

ISN 0003 DIMENSIOI All ),IUI 211 ,IL( 21) VS0Mo I 1
I Sfi 0004. DOU;LE F'ECISLON A,T,TT Vs5M3 2:0

C FINO ABSOLUTE VALUES OF ARRAY A VSOI:0230 I
ISM) 0005 CO s0 ri1.LA V5O00:40

1511 0009 ENTRY VSORTA (A,LAI VSO:I0:80
C VSO?10290

ISH 0010 fl=I VS0110300
ISM 0011 1=1 VS0.:10 310
rsN 00(3, JzLA V5VDiI310
1 Sl 0013 P=.375 V so: 1 3 30
lEN COI.. 10 IF (I .EQ. J) GO TO 55 VZC:10T.0
I SN 0016 15 IF (R .GT. .5q3437) GO TO Z0 VSLU3350
lEN 0018 R=R#3.90625SE-2 N'SO,103.'0
1511 0019 GO TO :5 VSCMO 370
lENl 00^10 20 R=P- .21875 V50113!so
ilN 00,11 25 K=I VSO10390

C SELECT A CENTRAL ELEMENT OF THE VSOM10400
C AFRAY AND SAVE IT IN LOCATION T VSOM04.I0

ISN4 0022 IJ=I*IJ-I)*R V 11 0 4Z0
1S5) 0023 T=A(IJ) VSON,130

C IF FIRST ELEMENT OF ARRAY IS GREATER VSOM~'.140
C THAN T, INTERCHANGE WITH T VSO:10450

ISM 00114 IF (Al) .LE. T) GO TO 30 VSO.'10'60
154 00,'6 A(IJ)=Al) VSOM2.. 70
1Sf) 0027 AII):-T VSOM04s80
IS4 0020 T=A(IJ) VS0110490
ISM) 002^9 30 L:J vsOMosoo

C IF LAST ELEMENT OF ARRAY IS LESS THANVSoMOSIO
C T, INlTERCHANGE WITH T VSO(10520

IS?) 0030 IF (Af) .GE. T) GO TO 4.0 VSOFIoS)O
1S14 0032, A(IJI=A(Ji vsotios'.o
1518 00- A(J)=T VSOl10550
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OAT! ai.15/17.20.02

+VERSION 1.3.0 (01 MlAY 80) VSORTh SYSTE/370 FORTRAN H EXTENDED (ENHANCED$

ISN 0034 T=A(IJI VSOtIo56O
C IF FIRST ELEMIENT OF ARRAY IS GREATER VSOII0570
C THA14 T, INTERCHIANGE WITH T VSOMOsso

ISH 0035 IF (A(I) .LE. T) GO TO 40 VSO?10590
ISN 0 037 A(IJ)=Afl VS0110600
ISH 0033 A(II:T VSOII061 0
ISH 0039 T=A(IJ) V=1I0620
I5(1 0040 GO TO 40 VSOfI6 30
ISN 0041 35 1T=AlL) VSOtIO640
I SH cc-ill A(LI=A(K) VS0110650
IS,' 0043 A(KI;TT VSC!10660

c FIND AN ELEMtIEIT IN THE SECOND HALF OFVS0?10670
C THE ARRAY WHICH IS StHALLER THAN T VSCII0680

ISN 0044 40 L=L-I VS50H0690
IS 1 0045 IF (AILI .GT. T) GO TO 4.0 VSC*b0700

C FINDO AN ELEMENT IN THE FIRST HALF OF VSO10710
C THE ARRAY WHICH IS GREATER THAN T VSO 720

ISH 0047 45 K=K~t VSC:10730
I11 0043 IF IAIK) LT.. T) GO TO 45 VSCfl07 .0

C INTERCHANlGE THESE ELEMENTS VSO.'17SO
ISH 0050 IF (K .LE. LI GO TO 35 VSOtIO 760

C SAVE UPPER AND LOWER SU3ISCRIPTS OF VSON0770
C THE ARRAY YET TO BE SORTED VSO?13730

ISH 0052 IF (L-I .LE. J-K) GO TO S0 VSOMO790
,5N 0054 IL(t1I:I VSOtlO800
IStH 0055 IU(tM)=L VSOMOSI 0
ISN 0056 I=K VSOIIo8oE
ISH 0057 H:Tif1 VSO!b0830
15(4 0058 GO TO 60 VSOl0040
1GM' 0359 so rLftl):X VS01los5o
ISN 0060 IU(tI)=J VSOM1026O
isHi 0061 J:L VSO.-l0370
I St 0062 MH*N

4 I VSOII0lls0
ISH 0063 GO TO 60 VS090

C BEGIN AGAIN ON ANOTHER POlZTIDN OF V!IC!0)00
C THE UNSORTED ARRAY VSOH0910

I SP 0164 55 ?l~M-1 vsc-IO920
I1St 0065 IF (H .EQ. 0) RETURNA VS011093o
15.14 0067 I=IL(M) VSOM0o94o
I S? 0068 J. = JIUu1 I vs0N04s0
ISN 0069 60 IF (J-1 .GE. 11) GO TO 25 VSO.1t0960
Istl 0071 IF (I .EQ. It GO TO 10 VSOfl10470
ISN 0073 1=1~-1 V50,1098 0
1511 0074 45 1:1,1 VSO10990.
IS4 0075 IF (r .EQ. J)1 GO TO 55 VSOII 000
1511 0077 T=A( 141) VS01II 0 0
IStl 0075 IF (A(II .LE. TI GO TO 65 VSOtII 20
IS,$ 0030 K=I VS?1l 1030
1511 0081 70 A(K41 I:AIK) VSOM1 040
1GMl 0012 KK-1 V5OI 050
11,14 0033 IF IT .LT. A(K)) GO TO 70 V5OI11 0
IStl 0083 A(K 41 I:T VSOH1I070
I3W 0086 GO TO 65 VS0111080
ISN 0037 END Y50t11090
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NONENLATURE

a Radius of cavity inside rocket

aT Time temperature shift factor of propellant material

b Outer radius of propellant

B is a constant for a given propellant material

c Outer radius of rocket

C! Thermal conductivity of air

C2  Thermal conductivity of propellant

D Damage

Ec Elastic modulus of casing

Ep Elastic modulus of propellant

Case properties

p Propellant properties

E r() Relaxation modulus of propellant

fa Scale factor, when multiplied by the ambient seasonal

temperature amplitude Ta, gives the skin seasonal tem-

perature amplitude

I'd Scale factor when multiplied by the ambient diurnal

temperature amplitude Td gives the diurnal skin temper-

ature amplitude

Fa Seasonal frequency

Fd Diurnal frequency

kI  Thermal diffusivity of air
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k2  Thermal diffusivity of propellant

Kt Stress concentration factor

Pij Probability Markov matrix

P is the normalizing term used to define the probability

distribution of failures

r Radial distance

r Location

t Time

tfi is the time to failure of the specimen is exposed to

only the ith stress level

to is the unit value of the time for whatever units are

used in measuring tf

Ta Seasonal temperature amplitude

Td Diurnal temperature an litude

Tm Mean temperature

T(4,t) Temperature distribution inside rocket

Ts  Rocket motor skin temperature

TI  Temperature inside rocket cavity

T2  Temperature in rocket propellant

OThermal expansion coefficient of propellant

O c Thermal expansion coefficient of casing

Ati is the time the specimen is exposed to the ith stress

level

V Poisson's ratio of propellant
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V cPoisson's ratio of case

Reduced time

acr is the critical true stress, below which no failures

are observed

0 ij Stress component

a r  Radial stress

a t  is the "true" stress applied to the specimen

Ito is the true stress required to fail the specimen in the

time to

U z Axial stress

a 9 Hoop stress

tFrequency

WAnnual angular frequency

Wd Diurnal angular frequency

V2  Laplacian operator

213



NWC TP 6305

INITIAL DISTRIBUTION

13 Naval Air Systems Command
AIR-004 (2)
AIR-03P2 (1)
AIR-3021 (1)
AIR-320 (1)
AIR-330 (1)
AIR-5163 (1)
AIR-536 (1)
AIR-541 (1)
AIR-542 (1)
AIR-5422 (3)

5 Naval Sea Systems Command
SEA-003 (1)
SEA-6282, J. W. Murrin (1)
SEA-62Z31B (1)
SEA-99612 (2)

1 Chief of Naval Research, Arlington (ONR-412, R. Junker)
1 Marine Corps Development and Education Command, Quantico (Marine Corps Landing

Force Development Center)
1 Air Test and Evaluation Squadron 5
1 Fleet Analysis Center, Naval Weapons Station, Seal Beach, Corona (Library)
2 Naval Air Development Center, Warminster

Code 8131 (1)
Code 3014 (1)

1 Naval Air Engineering Center, Lakehurst (1115, Technical Library)
2 Naval Intelligence Support Center

J. B. Chalk (1)
H. Ruskie (1)

I Naval Ocean Systems Center, San Diego (Code 133)
7 Naval Ordnance Station, Indian Head

J. P. Consaga (1)
W. Haggerty (1)
M. N. Jacobs (1)
J. McDevitt (1)
J. E. Thornton (1)
W. H. Vreatt (1)
Technical Library (1)

3 Naval Postgraduate School, Monterey
Code 1424, Library Director (1)
G. Cantin (1)
G. H. Lindsey (1)

2 Naval Research Laboratory
Code 6100 (1)
W. D. Bascom (1)

4 Naval Surface Weapons Center, Dahlgren
Code CG-33 (1)
Code DC (1)
Code DG-50 (1)
Head, Technical Information Division, Technical Library (1)

214



NWC TP 6305

2 Naval Surface Weapons Center, White Oak Laboratory, Silver Spring
J. M. Augl (1)
Technical Library (1)

I Naval Underwater Systems Center, Newport (Library Division)
1 Naval Weapons Support Center, Crane (Code 5042)
2 Navy Strategic Systems Project Office

M. Baron (1)
Head, Technical Library (1)

1 Office of Naval Research, Pasadena Branch Office (Deputy Director, Chief Scientist)
1 Army Armament Materiel Readiness Command, Rock Island (DRSAR-LEM)
8 Army Armament Research and Development Command, Dover

DRDAR-TSS
Scientific & Technical Division, Bldg. 59 (1)
J. Picard (1)

B. D. Lehman (1)
S. Nicolaides (1)
L. Rosendorf (1)
C. Silvestro (1)
A. Taschler (1)
D. Wiegand (1)

1 Army Development & Readiness Command, Alexandria (DRCDE-DW, S. R. Matos)
5 Army Missile Command, Redstone Arsenal

DRSMI-R, Dr. H. G. Rhoades (1)
C. W. Austin, Jr. (1)
T. H. Duerr (1)
D. L. Martin, Jr. (1)
R. E. Siron (1)

I Army Missile Command, Redstone Scientific Information Center, Redstone Arsenal
(DRSMI-RPRD)

5 Army Ballistic Research Laboratories, Aberdeen Proving Ground
DRDAR-BL 1, J. M. Hurban (1)
DRDAR-BL V, H. Vitali (1)
A. S. Elder (1)
J. J. Rocchio (1)
R. Wires (1)

1 Army Material Systems Analysis Agency, Aberdeen Proving Ground (DRXSY-DE,
S, :urity Office)

1 Army Research Office, Research Triangle Park (DRXPO-IP L, Information Processing
Office)

I Radford Army Ammunition Plant (DARRA-QA)
I White Sands Missile Range (Technical Library)
2 Air Force Systems Command, Andrews Air Force Base

AFSC-DLFP, R. Smith (1)
AFSC-SDZ (1)

I Air Force Academy, Colorado Springs (W. Siuru)
1 Air Force Armament Division, Eglin Air Force Base (XRC, T. O'Grady)
5 Air Force Armament Laboratory, Eglin Air Force Base

AFATL/DLD (1)
AFATL/DLJW (1)
AFATL/DLMI, Aden (1)
AFATL/DLO (1)
AFATL/DLOD, STINFO (1)

1 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFHiPLILK)

215

I



NWC TP 6305

1 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/MK)
1 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/MKCC)
I Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/MKP)
I Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/MKPA, J. L.

Trout)
4 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base

AFRPL/MKPB
T. J. C. Chew (1)

C. T. Liu (1)
R. G Stacer (1)
D. I. Thrasher (1)

I Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/PA)
1 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/TS, R. A.

Biggers)
I Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/TSPR)
1 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (AFRPL/XRX,

L. Quinn)
1 Air Force Rocket Propulsion Laboratory, Edwards Air Force Base (Technical Library)
4 Air Force Wright Aeronautical Laboratories, Wright-Patterson Air Force Base

AFWAL/MLTN, C. S. Anderson (1)
AFWAL/PORA (1)
AFWAL/PORT (1)
AFWAL/TST (1)

1 Air University Library, Maxwell Air Force Base (AUL-SE)
2 Foreign Technology Division, Wright-Patterson Air Force Base

FTD/SDBP (1)
FTD/TQTA, S. J. Radloff (1)

3 Ogden Air Logistics Center, Hill Air Force Base
MANPA, A. Inverso (1)
MMGM, E. F. Lund (1)
MMWRV, J. K. Scambia (1)

I San Antonio Air Logistics Center, Kelly Air Force Base (SFQT, W. E. Vand-¢Vz ri
1 Eastern Space and Missile Center, Patrick Air Force Base (PM/Linda M. AA11i,,;
1 Deputy Under Secretary of Defense, Research and Advanced Technology (Director,

Engineering Technology)
1 Defense Advanced Research Projects Agency, Arlington, VA

12 Defense Technical Information Center
9 George C. Marshall Space Flight Center, Huntsville

AS61L (1)
EP-25, John Miller (1)
C. J. Bianca (1)
E. P. Jacobs (1)
K. W. Jones (1)
J. Q. Miller (1)
L. B. Powers (1)
W. L. Ray (1)
J. H. Wise (1)

I Langley Research Center (NASA), Hampton (MS-185, Technical Library)
2 Lewis Research Center (NASA), Cleveland

D. A. Petrash (1)
Technical Library (1)

I Lyndon B. Johnion Space Center (NASA), Houston (Code JM2, Technical Library)

216



I National Aeronautics & Space Administration, 9lent f c and Technical Information
Facility, College Park, MD (Technical Library)

I Aerojet Liquid Rocket Company, Sacramento, CA, Via AFPRO (Head, Technical
Information Division)

2 Aerojet Strategic Propulsion Company, Sacramento, CA, Via AFPRO
K. Bills, Jr. (I)
S. J. Svob (1)

I Aerojet Tactical Systems, Sacramento, CA, Via AFPRO (R. Mironenko)
I Ashland Chemical Company, Dublin, OH (Specialty Fuels Department)
2 Atlantic Research Corporation, Alexandria, VA (Technical Library)
2 California Institute of Technology, Jet Propulsion Laboratory, Pasadena, CA

R. Bailey, MS/125-224 (1)
Lib. Op. GP, Lib. Acqs.-Standing Orders (1)

I Failure Analysis Associates, Palo Alto, CA
1 Ford Aerospace and Communications Corporation, Newport Beach, CA (Aeronutronic

Division, Technical Information Services, DDC Acqs.)
I Hercules Incorporated, Allegany Ballistics Laboratory, Cumberland, MD (Technical

Library)
I Hercules Incorporated, Magna, UT (Library, 100-H-2)
I Hercules Incorporated, McGregor, TX (Engineering Services Manager)
I Hughes Aircraft Company, Canoga Park, CA (Missile Systems Division)
I Hughes Aircraft Company, El Segundo, CA (Technical Document Center, B. W.

Campbell, Bldg. El, MS E 110)
2 Johns Hopkins University, Applied Physics Laboratory, Laurel, MD (Chemical Propulsion

Information Agency, Code ML, R. D. Brown)
I Lockheed Missiles & Space Company, Sunnyvale, CA (Technical Information Center

52-50, Palo Alto, DCS-L201, Reports Acquisition)
I Martin Marietta Aerospace, Orlando, FL (MP-30, Engineering Library)
I McDonnell Douglas Corporation, Huntington Beach, CA (A3-135, Library Services)
I McDonnell Douglas Corporation, St. Louis, MO (Technical Library)
I Olin Corporation, Marion, IL (Marion Works, R. D. Altekruse)
I Rockwell International Corporation, Canoga Park, CA (TIC, DIS8-I03, BA2O)
I Rockwell International Corporation, Downey, CA (TIC-D096-400-AJ01)
I Rohm and Haas Company, Huntsville Defense Contract Office, Huntsville, AL
I SRI International, Menlo Park, CA (D. Ross)
I Sundstrand Corporation, Rockford, IL
3 TRW, Inc., Redondo Beach, CA

Technical Information Center
Document Services (2)
R. C. Reeve (1)

1 Talley Industries of Arizona, Inc., Mesa, AZ (Library)
1 Textron, Inc., Bell Aerospace Textron Division, Buffalo, NY (Technical Library)
I The Aerospace Corporation, Los Angeles, CA (Library Acquisitiom Group)
I The Boeing Company, Seattle, WA (Kent Library, SK-38, Library Proc. Supervisor)
1 The Marquardt Company, Van Nuys, CA (Library)
I Thiokol Chemical Corporation, Elkton, MD
I Thiokol Chemical Corporation, Huntsville Division, Huntsville, AL (Technica Library)
2 Thiokol Chemical Corporation, Wamtch Division, Brigham City, UT (Tehld Limy)
I United Technologies Corporation, Chemical System Dividi, Sunnyval CA CTecnia

Library)
I United Technologies Research Center, East Hartford, CT (Docume ContCn Statis)
I Vought Corporation, Systems Division, Dallas, TX (lib-24010)



50 Naval Weapons Center, China LakeCode 003 (1) Code 3r73 (1) '

Code 01 (1) Code 3274 (1)
Code 012 (1) Code 315 (1)
Code 03A (1). Code 33 (1)
Code OSA4 (1) Code 338 (1)
Code 03T, C. J. Thelan (1) Code 343 (4) (3 plus archive copy)
Code i (1) Code 3 S(1)
Code 31 (1) Code 351 (1)
Code 32 (1) Code 36 (1)
Code 31M (1) Code 368 (1)
Code 3205, R. Hoffer (1) Code 366, S. D. Bemn (1)
Code 3241 (1) Code 3686, R. Uoyd (1)
Code 324 (1) Code 38 (1)
Code 3241, T. A. Hicks (1) Code 385 (1)
Code 3243 (1) Code 3858
Code 34 (1) A.H. Lep (1)
Code 346 (1) H. P. Riter (1)
Code 326 (1) Code. 388 (1)
Code 3263 (1) Code 3881 (1)
Code 317 (1) Code 3881, C. Dnemm (1)
Code 37B7. R. Vetter (5) Code 39 (1)
Code 327 (1) Code 621 (1)

4.)




